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Wrider antibacterial range 
--.@ safer sulfonamide 


Gantrisin ‘Roche’ offers clinically 

important advantages in urinary and systemic 
infections. Because it is highly soluble 

—even in acid urine—Gantrisin eliminates 

the danger of renal blocking and obviates 
alkalinization. Gantrisin is a single sulfonamide, 
not a combination or mixture; its use therefore 
reduces the likelihood of allergic reactions. 
Gantrisin is distinguished by a wider 
antibacterial range; it has been effective in 
cases where antibiotics and other sulfonamides 
failed to produce results. Supplied in 
0.5-Gm tablets, as a palatable svrup (0.5 Gm 


per 5 ce) and in 10-ce (4 Gm) ampuls. 


HOFFMANN-LA ROCHE INC ¢ NUTLEY 10 ¢ WN. J. 


! 
! 
Gantfrisin’® 
! 
Brand of sulfisoxazole } 


‘Roche’ 
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EUDOWOOD SANATORIUM 
Towson, Maryland 


A modern, thoroughly equipped institution for the treatment of tuberculosis. 
Located on a large 350-acre farm in the beautiful, healthful Maryland country- 


side. All city conveniences .. . 
east of Towson, Marvland. 


Private rooms with adjoining baths . . 


eight miles north of Baltimore ... one mile 


. $7.00 and $10.00 per day, including 


general nursing and medical attention. For further information, address: 


DR. WILLIAM A. BRIDGES, Superintendent 


Eudowood, Towson 4, Maryland 


Maryknoll 
SANATORIUM 


(Maryknoll Sisters) 


MONROVIA, CALIFORNIA 


e A Sanatorium for the trearment of tu- 
berculosis and other diseases of the lungs. 
Located in the foothills of the Sierra 
Madre Mounrains, Southern exposure. 
Accommodations are private, modern, 
and comfortable. Rates are moderate. 
General care of patient is conducive to 
physical and mental well being. 


Sister Mary Prera 
Superintendent 


E. W. Hayes, M.D. 
Medical Durector 


Present Concepts 
of Rehabilitation in 
Tuberculosis 


by NORMAN C. KIEFER, M.D. 


420 pages, cloth cover $3.50 


In this volume there is brought together, 
for the first time, an accurate summary of 
world research and achievement in every 
area of rehabilitation during the last decade. 

More than 1,000 original papers are ab- 
stracted in this book, and in every case the 
salient features of each have been brought 
together in classified sections to provide a 
complete picture of approaches, procedures, 
and results. 

A bibliography of more than 1,900 items 
supplies reference to basic sources, and a 
particularly comprehensive index facilitates 
the location of specific information. 


Your order can be filled promptly. 
NATIONAL TUBERCULOSIS 


ASSOCIATION 
1790 Broadway, New York 19, N. Y. 
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TB CASE FINDING 


the fast, modern economical way! 


HE vital need for mass x-ray chest examina 

tions has become an accepted fact by individ- 
uals and institutions alike. Regular periodic 
examinations have proven their value in helping 
to find... helping to eradicate tuberculosis. And 
photoroentgenography is a potent tool in achiev- 
ing this goal. 

To meet the great need which requires the x-ray 
examination of scores of people each day — at 
the lowest possible cost — GE designed the Du- 
plex and Single Stand photoroentgen uzits. This 
apparatus is unique in its remarkable versatility 

The Single Stand can be used in conjunction 
with existing diagnostic facilities, while the Du- 


plex model is a complete x-ray unit in itself 
making possible the selection of a particular com 
bination to meet the Spec ific need’ 

For information see your local GE representa 
tive, or write for illustrated book: “TB Detection 
— General Electric X-Ray Corp., Dept. S-12, 
Milwaukee 14, Wisconsin 


GENERAL €@ ELECTRIC 
X-RAY CORPORATION 
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High Vitamin Bj Content... 
Another Reason for 
Liberal Meat Intake 


According to rapidly accumulating clinical and laboratory observations, the 
daily ingestion of liberal quantities of meat can effect profound physiologic 
benefits due to the significant content of vitamin B,, not only in liver and kid- 
ney, but also in muscle meats. 


Muscle meat is a good source of the newly isolated vitamin B,.; liver and 
kidney are especially high in their vitamin B,. content, while plant foods are 
negligible sources of this nutrient.' By rat assay, the minimum amounts of 
vitamin B,, in muscle meat range from 0.5 to 3 mcg. per 100 Gm.; minimum 
values for beef liver and kidney are 15 and 20 meg., respectively.” 


B,. is among the most potent of known microbiologically active substances.’ 
Animal studies indicate that it increases the ability of the normal mammal to 
utilize protein.’ With a high protein diet, 0.01 mcg. of vitamin B,,. per day was 
found to increase significantly the growth rate of B,,. deficient rats. In another 
study, growth response of B,,. depleted rats was proportional to the B,, in the 
ration within the critical range of 0.025 to 0.1 mcg. per rat day.* 


About | mcg. of vitamin B,, daily, administered intramuscularly, constitutes 
an effective dose in pernicious anemia. In a recent clinical study of young 
children manifesting vitamin B,, deficiency as evidenced by malnutrition and 
growth failure, oral administration of 10 mcg. of vitamin B,. daily for eight 
weeks induced marked responses in growth; notable increases in vigor, 
alertness and better general behavior; and improved appetite." 


Here again is further evidence of the broad, over-all nutrient contribution 
meat makes to the dietary. Eaten two or three times daily, it supplies not only 
generous amounts of high quality protein, but also significant quantities of 
vitamin B,, and other essential B complex vitamins, and of iron. 


(1) Schweigert B.S. Significance of Vitamin By» and Related Factors, J. Am. Dietetic Assoc. 
26.782 (Oct) 1950, 

(2) Lewis, U. J; Register, U. D., Thompson, H. T., and Elvehjem, C. A.: Distribution of Vitamin 
B, in Natural Materials, Proc. Soc. Exper. Biol. & Med. 72:479 (Nov.) 1949. 

(4) Shorb, M.S.: Acuvity of Vitamin By for the Growth of Lactobacillus lactis, Science 107:397 
(Apr. 16) 1948 

(4) Hartman, A. M.; Dryden, L. P., and Cary, C. A.: The Role and Sources of Vitamin By», J. Am. 
Dietetic Assoc. 25:929 (Nov.) 1949 

(5) Frost, D. V4 Fricke. H. H., and Spruth, H. C.: Rat Growth Assay for Vitamin By, Proc. 
Soc. Exper Biol & Med. 72:102 (Oct.) 1949 

(6) Wetzel, N.C. Fargo, WC. Smith, L. H., and Helikson, J.: Growth Failure in School Chil- 
dren as Associated with Vitamin B,. Deficiency —Response to Oral Therapy, Science 110:651 
(Dec. 16) 1949 


The Seal of Acceptance denotes that the nutri- 


tional statements made in this advertisement ‘Sigeer®> 
are acceptable to the Council on Foods and a ==) 
Nutrition of the American Medical Association. ° 


American Meat Institute 
Main Office, Chicago...Members Throughout the United States 
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Dihydrostreptomycin Sulfate 
Preferred by Physician sxv Patient 


Extremely well tolerated and rarely causing irritation 
on injection, Dihvdrostreptomyein Sulfate has become the most 
J ; I 


widely aceepted of all streptomycin preparations. 


Comparative studies by leading clinicians confirm that 
DIHYDROSTREPTOMYCIN SULFATE IS— 

as effective as streptomycin 2 9. 1315 

less toxic for the vestibular apparatus \\5 

minimizes pain and swelling at the site of injection ©, 10 
permits higher dosage regimen and prolonged treatment 3. \1 


... even in patients showing allergic response to 
streptomycin 2, 10, 11 


Extensive experimental studies '*'' proved 
CRYSTALLINE DIHYDROSTREPTOMYCIN SULFATE MERCK— 


considerably less toxie both for the auditory and the vestibular 


system. “Irritation scores” were found to be more than 50 per 


cent below those of other streptomycin preparations. 


Crystalline 
Dihydrostreptomycin 
Sulfate Merck 


Crystalline Dihyvdrostreptomyein Sulfate Merck 
is supplied in convement | Gm. and 5 Gm. vials. 


MERCK A CO., INC. 
Manufacturing Chemists 
RAHWAY, NEW JERSEY 


RIBLIOGRAPHY 440, March 1950. (9) Carr, D. T., Hinshaw, Pfaetze, 
(1) Tompsett, R., and MeDermott, Am. J. Med. 7: 371-381, and Brown, Dis. Chest 16> BOL-B15, Dec 1949) (10) Odell 
Sept. 1999. (2) Tompsett, R., Ann. Otel, Rhin. & Larvng. 57: 181, + Chest /6- 818, Dee. 1999. (11) (Editormal) New England 
March 1948. (3) Sweany, H.C, Dis. Chest 15: 631-650, June 1949 ed. 240: 746, May 5, 1949. (12) Keete S. Ann Int. Med 
Lincoln, Science News Letter 55: 307, Mav 14, 1949. (5) GR2.GR9, Sept 19500 (13) Marsh W.Va Med 
Semans. J. J. M.A. Georgia 477-480, Now. 1949. (6) Domon, Oet (10) Johnse Invest. Dermat 
‘ Kilbourne, P. and King. Amer. Rev. Tubere. 60 1-66, July 1950. (15) Hinshaw, H 

Sot, STS, Now, 1999) (7) Naglev. Brit. Mo J. 248. Jan. 28 awkins. Job. Transactions Oth Conference, 
1990 (in correspondence). (8) Committee on Medical Research ar ete Washington 109, (il) 

ty, K 


Therapy, American Trudeau Soci Am Tuberc. 61: 436 ins, J. Pharmacol, 100; 38, Sept. 1990, 
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Ti! 


a{new|drug... 


for the treatment of ventricular arrhythmias 


PRONE STYL Hydrochloride 


Squibb Procaine Amide Hydrochloride 


Lead Il. Ventricular tachycardia persisting after six days of oral 
quinidine therapy (8 Gm. per day). 


4 Lead II. Normal sinus rnythm after oral Pronestyl therapy. 


Oral administration of Pronesty! in doses of 3-6 grams 
per day, for periods of time varying from 2 days to 
3 months, produced no toxie effects as evidenced 
by studies of blood count, urine, liver function, 
blood pressure, and electrocardiogram. Pronestyl 
may be given intravenously with relative safety. 


A OF SOL 188 @ SONS 


PRONESTY 


Pronesty! Hydrochloride Capsules, 0.25 Gm., bottles of 100 and 1000. 
Pronesty! Hydrochloride Solution, 100 mg. per cc., 10 cc. vials. 


For detaded information on dosage and administration, write for 


literature or ask your Squibb Professional Service Representative 


SQUIBB MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE I+55 
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ROUTINE CHEST X-RAYS- 


easy to take 


with FAIRCHILD’S 
7Omm FLUORO-RECORD' CUT FILM CAMERA 


Many hospitals are making routine chest x-rays as standard procedure on all admis- 
sions and “out” patients, and for periodic checkups on all hospital personnel. Not only 
does this routine procedure aid in the discovery of tuberculosis, but it also indicates 
signs of other chest ailments. 

With its T0mm Flioro-Record Cut Film Camera, Fairchild offers an inexpensive 


means of obtaining 2'2 x 2'2- or 2 


2 > x 53-inch x-rav negatives. Each 6'2 x 2 11/16-inch 
cut film sheet gives two individual x-rays or a stereo pair. This small exposure size 
simplifies filing in a minimum space — and vet, is large enough for easy interpretation. 

The two-« \posure cut film holder is accuratels position d for each « \posure by either 
direct manual or remote electrical control. 

The camera may be adapted for use with many types of existing x-ray equipment or 
procured with new photo x-ray units of leading manufacturers, See vour supplier or 
write for more data to 88-06 Van Wyck Boulevard, Jamaica 1, N. Y., Dept. 160-11B 

Fairchild also makes the New Roll Film Cassette for angiographic studies... 70mm 
roll film cameras for mass chest x-rays 7Omm cut film and roll film viewers ... 70mm 


film processing equipment ...and the Chamberlain X-Ray Film Identifier. 


CAMERA AND INSTRUMENT CORPORATION 
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The statement below* on Con- 
tour Sheets was submitted to 
a@ group of hospital users 
picked at random from our 
files. We told them frankly 
we wanted to use it in ad- 
vertising, asked them to read 
it corefully and return it 
with their comments. They 
not only agreed with it, they 
told us we were too con- 
servative. We were amazed 
ot their enthusiasm. You'll be 
amazed at Contour Sheets. 


*“PACIFIC Contour Sheets are easy 
to put on .. . wrinkle free and wrinkle proof. . . 
stay tight and smooth . . . can't pull out. . . no 
mussing or bunching, no matter how often back 
rest and knee rest are raised and lowered . . . 
greater comfort for patients . . . less irritation, less 
danger of bed sores . . . save bed making time and 
effort . . . no need for frequent straightening of bot- 
tom sheet . . . fewer sheet changes. . . less washing 
... less wear... actually cut both laundry and 
replacement costs.” 


Read the above statement over again, one clause 
at a time “wrinkle free” “stay smooth” 

“sare time” “cut costs.” Strong statements! 
Yet each individual clause, based on fact and ex- 


perience, has not only been corroborated but cor- 


roborated enthusiastically by hospital personnel 
superintendents, purchasing agents, supervisors, 
housekeepers, nurses, laundry managers. Under 
the circumstances, don’t you think you should try 
Contour Sheets in your hospital? 


Contovr Sheets for Hospital Mattresses, made by 
Pacific Mills, are nationally distributed by 


WILL ROSS, INC. 


Milwaukee 12, Wisconsin 


\ 
save Nurses Time @ Reduce 
Simplify Patient > | 
ay | 
SS 
TT 


THE AMERICAN REVIEW 


TUBERCULOSIS 


VOLUME 62 December 1950 NUMBER 6 


THREE-YEAR FOLLOW-UP STUDY ON 202 CASES OF PULMONARY 
TUBERCULOSIS TREATED WITH STREPTOMYCIN':* 


ROBERT O. CANADA, STANTON T. ALLISON, NICHOLAS D. D’ESOPO, 
EDWARD DUNNER, RALPH E. MOYER, ARNOLD SHAMASKIN, 
CARL W. TEMPEL, ann WILBUR V. CHARTER 


(Received for publication April 25, 1950) 


INTRODUCTION 


The cooperative project of the Veterans Administration, Army, aad Navy, 
designed to study the effect of streptomycin upon human tuberculosis, was one 
of the first large-scale investigations of its kind. Protocols were carefully planned 
to ensure uniformity of material and procedure in the various study units. Treat- 
ment of the initial group of patients was begun in July 1946, and during the fol- 
lowing nine months 223 patients with pulmonary tuberculosis were treated in 
the seven Federal hospitals participating in the study. The immediate results 
of therapy were reported in the December 1947 issue of Tue American REVIEW 
or TusBercuvosis. The present report is based on a follow-up survey of 202 of 
these patients which was made approximately three years after streptomycin 
therapy was completed. 


Clinical Series and Plan of Study 


The follow-up survey was accomplished by an investigator from each of the original 
study units. Where possible, patients who had been discharged from the hospital were 
readmitted for the follow-up studies. Where this was not possible, the patients were ex- 
amined in an outpatient status in a Federal hospital or a regional office of the Veterans 
Administration. A standard form was used for recording data obtained from the follow-up 
studies. By these means, information, partial or complete, was obtained for 202 of the 
original 223 patients. The original hospital records were carefully reviewed so that the 
clinical observations made at the beginning and end of the streptomycin therapy might 
be compared with the clinical observations made at the time of the follow-up study. 

The majority of the tuberculous patients in these Federal hospitals during 1946 were 
young men from the armed forces whose disease had become evident during or immedi- 


' Presented before the Medical Session, as part of the symposium on Chemotherapy, at 
the 46th annual meeting of the National Tuberculosis Association, Washington, D. C., 
April 25, 1950. 

* The opinions and assertions contained herein are the private ones of the authors and 
are not to be construed as official or as reflecting the views of the Veterans Administration 
or Departments of the Army or Navy. 
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ately following World War II. One of the major objectives of the study was to observe 
the effect of streptomycin upon the acute tuberculous lesion. Stipulations in the protocol 
required that the tuberculous lesion have an exudative component, and that the disease 
be progressive or at least stationary during a minimum pretreatment observation of sixty 
days. Thus, the type of patient chosen for treatment was one not likely to show spon- 
taneous remission. The patients who most readily fulfilled these requirements were those 
with bronchopneumonic disease or advanced cavernous disease with acute bronchogenic 
dissemination, a group whose prognosis was poor. The type of patient treated is repre- 
sented in figure 1. The term exudative, as used in this report, refers to those abnormal 
shadows from the lung parenchyma which appear “soft” and have poorly defined borders. 
Productive refers to those abnormal shadows with fairly well-defined borders. 
The latter characteristic undoubtedly permits inclusion of fibrotic as well as proliferative 
lesions, and both classifications include caseous disease. The dynamics of the disease 
was judged by comparison of roentgenograms taken approximately two months prior to 
therapy with those taken within a few days of the date streptomycin therapy was be- 


EXUDATIVE 
INFLTRATION” 


188 CASES 


137 CASES = 19! CASES 


an 


Fig. 2. Changes observed during streptomycin therapy 


gun. In general, this group of patients may be described as young adult males with pro- 
gressive, predominantly exudative, advanced pulmonary tuberculosis. 


OBSERVATIONS DURING THERAPY 


Streptomycin was administered in total daily dosage of 1.8 or 2 gm. for a pe- 
riod of 120 days. Concomitant with streptomycin therapy, symptomatic and 
roentgenographic improvement occurred at a rate and to a degree hitherto not 
seen in this type of tuberculosis. These changes are depicted in figure 2 and are 
given in more detail in previous reports (1-7). Although improvement was dra- 
matic in some patients, it was often short-lived. Roentgenographic evidence of 
relapse was observed in 24 per cent of the patients toward the end of therapy and 
during the first four months following therapy. 


OBSERVATIONS SUBSEQUENT TO THERAPY 


In the present study an effort has been made to determine the factors which 
influenced the status of the patients three years after therapy. As shown in table 
1, 56 patients were dead at time of follow-up and all but 2 of these patients died 
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as a result of tuberculosis. In 56 other patients, the disease remained active or 
quiescent, and in 75 the disease had become arrested or apparently arrested. 
Of the living patients, 35 per cent were employed in gainful occupations and an 
additional 15 per cent were able to be up and about nine or more hours a day. 
Twenty-four per cent of the living patients had remained continuously under 
hospital treatment since completion of streptomycin therapy. 

Mortality: The mortality for the entire group during the three-year period 
following streptomycin therapy was 28 per cent. Of the variables studied, age, 
race, and extent of disease at the beginning of therapy were factors which seemed 
to affect the survival of the patients. 

The mortality in patients under 25 years of age was 35 per cent, compared 
with 23 per cent for the group 25 years of age and older. The majority of deaths 
in the group of younger patients occurred in the first year subsequent to therapy, 


TABLE 1 


Patients with Specified Activity of Disease Three Years after Streptomycin Therapy Classified 
by Age at Beginning of Therapy 


PATIENTS LIVING THREE YEARS APTER THERAPY 


Activity 
Arrested | not re- 


TOTAL | DEAD er 


G SIN 
AGE AT BEGINNING OF THERAPY PATIENTS | PATIE S 


| Ap 
Active Quiescent parently 
| arrest 


All ages 202 Ba) 40 16 11 


Under 20 years ll 6 - 1 

20 to 24 years 67 2! 10 4 2 24 6 
25 to 20 years 62 7 15 6 5 26 3 
30 to 34 years 26 ba 6 4 2 6 

35 years and over 31 12 1 5 4 
Age not reported 5 2 l l 1 


whereas in the older group only 33 per cent of deaths occurred during that pe- 
riod. The group of patients under 25 years of age was comparable to the group 
25 years and older in the prevalence of advanced lesions, progressive lesions, 
and pulmonary cavitation as observed at the beginning of therapy. Likewise, 
there was no significant difference between the two groups in the number or type 
of collapse measures initiated following streptomycin therapy. There was, how- 
ever, a higher proportion of predominantly exudative lesions in the younger 
group (90 per cent compared with 73 per cent). 

There were 39 nonwhite patients, or 19 per cent of the total; of these, all 
except 5 were Negro. The fatality rate in the nonwhite races was 41 per cent, 
compared to 25 per cent in the white race. The two groups were comparable in 
the number of advanced lesions, progressive lesions, and pulmonary cavitation. 
The nonwhite patients were younger than the white patients, however; 59 per 
cent of the former, and only 39 per cent of the latter being less than 25 years of 
age. More of the nonwhite patients had predominantly exudative lesions at the 
start of therapy (91 per cent compared with 76 per cent in the white patients). 
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The mortality rate in patients who had far advanced disease at the beginning 
of therapy (36 per cent) was almost three times as great as in patients who had 
minimal or moderately advanced disease (13 per cent). As a corollary to this, 
only one death occurred in 31 patients whose roentgenograms taken at the start 
of therapy failed to show pulmonary cavitation. 

Arrested and apparently arrested cases: As shown in table 1, 75, or 40 per 
cent, of the patients attained arrest or apparent arrest of their disease during 
the three-year period following streptomycin therapy. Again the age of the pa- 
tient and the extent of the disease at the start of therapy were related to the 
disease activity found at time of the follow-up. Although the fatality rate was 
higher in those patients under 25 years of age, the disease became inactive more 
often in members of the younger group who were still living three years after 
therapy (68 per cent compared with 53 per cent in the older group). Patients 


TABLE 2 


Patients* with Specified Roenitgenographic Changes in Chest as a Whole, Classified by Time 
Period 


PATIENTS® WITH SPECIFIED DEGREE OF CHANGE 


TIME PERIOD Improvement No Worsening 


change 
Marked Moderate Slight Slight Moderate | Marked 


Start of streptomycin 

therapy to present 72 l4 
End of streptomycin 

therapy to presentt 28 35 


* Based on 101 patients. 
t Three-year interval. 


judged to have minima! or moderately advanced disease at the start of therapy 
attained arrest or apparent arrest of their disease almost twice as often as did 
those with far advanced disease (60 per cent compared with 33 per cent). When 
only the living patients were considered, the prevalence of inactive disease in 
the minimal-moderately advanced group was still significantly higher (70 per 
cent) than in the far advanced group (52 per cent). Neither the pretreatment 
dynamics nor the morphology of the lesion was of any significance when related 
to the activity of the disease process observed three years after therapy. 
Changes in the chest roentgenogram: Roentgenograms taken at the beginning 
and at the end of streptomycin therapy were compared with those taken approxi- 
mately three years later in 101 patients now living. The changes which occurred 
during the two periods were graded according to degree of improvement or 
worsening. The results are recorded in table 2. Inclusion of the four-month treat- 
ment period made a considerable difference in the degree of improvement ob- 
served. Marked improvement was noted almost three times as often during the 
interval from the beginning of therapy until the present as was noted in the 
same patients from the end of therapy until the present. The post-therapy films 
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showed a decrease in the degree of improvement and an increase in the degree 
of deterioration. 

Bacteriologic examination of sputum (table 3): Four patients had sputum nega- 
tive for tubercle bacilli at the time streptomycin therapy was started. Discount- 
ing these 4 patients, sputum conversion occurred during therapy in 46 of 187 
patients (25 per cent). During the years following treatment, an additional 25 
per cent converted to negative. Of 50 patients with sputum negative for tubercle 
bacilli at completion of therapy, 7 became positive and 5 others died during the 
period since therapy. 

Following streptomycin therapy, collapse measures were used in 91 patients, 
or two-thirds of the total number of patients for whom information was avail- 
able. Sputum conversion occurred in 60 per cent of the patients who received 
collapse. 


TABLE 3 
Patients with Specified Sputum Status* Three Years after Streptomycin Therapy, Classified 
by Sputum Status at End of Therapy 


PATIENTS WITH SPECIFIED SPUTI"t 
STATUS THREE YEARS AFTER THERAPY 


SPUTUM STATUS AT END OF TOTAL DEAD 
STREPTOMYCIN THERAPY PATIENTS PATIENTS Rein 
Positive Negative status not 
reported 


Total 
Positive sputum 
Negative sputum 
Sputum status not reported 


* Smear or culture of sputum or culture of gastric washings 


Streptomycin resistance: Data were collected on 247 streptomycin sensitivity 
tests made on bacteria obtained from 80 patients during the three-year period 
which has elapsed since streptomycin was first initiated. Table 4 shows the re- 
sults of these tests according to the months that have elapsed since the beginning 
of streptomycin therapy. In this table only one test per patient was included 
for a single period. When more than one test had been made in a given period, 
the result showing the highest degree of resistance was used. After the third 
month of therapy, approximately 20 per cent of the tests indicated that the 
strains were sensitive to less than 10 y of streptomycin per ce. This level of 
sensitivity was maintained through the third year following streptomycin ther- 
apy. No patients showed a sustained decrease in resistance. Re-treatment with 
streptomycin may have played a part in maintaining resistarce in 5 of 18 cases 
resistant twenty-four or more months after beginning the initial course of 
therapy. 

Toric residua: Vertigo or ataxia, or both, were present in 81 per cent of the 
patients at some time during therapy. These two conditions were most often 
observed together. Only 7 patients had vertigo without ataxia, and 4 had ataxia 


202 56 55 
141 is 25 48 20 
5 7 29 9 
il 3 3 3 2 
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without vertigo. Of 100 patients who had vertigo during treatment and on whom 
data were available three years after therapy, the symptoms had disappeared in 
57 but remained in some degree in 43 patients. Of 99 patients who had ataxia 
during therapy, the symptoms had disappeared in 51 and remained in some de- 
gree in 48. In no patient had vertigo or ataxia become worse. Response to caloric 
stimulation was impaired or absent in 88 of 113 patients at the end of therapy, 
and it remained so in 41 of 95 patients given the test three years after therapy. 
There was return of vestibular function to normal, as determined by the caloric 
test, in one-third of the patients listed as having total loss of function at the end 
of streptomycin therapy. In 8 of 122 patients for whom the question was an- 
swered, it was considered that vestibular dysfunction at the time of the follow-up 
would interfere with a gainful occupation. 


TABLE 4 


Number and Percentage of Patients Whose Cultures Were Found to Have Resistance* to 
Streptomycin, Classified by Interval from Beginning of Treatment 


CULTURES EXHIBITING GROWTH IN SPECIFIED RANGES OF 
STREPTOMYCIN CONCENTRATION 


INTERVAL FROM BEGINNING 
OF TREATMENT -_——e 10 to 99 » per cc. 100 y per cc. or more 


Per cent Nessher Per cent Number Per cent 


Number | ‘of total of total | of total 


Before treatment 4 93 
Less than 2 months. .... 92 
2 to 3 months ; 5O 15 30 
4 to 5 months a 21 
6 to 11 months j 21 il 
12 to 23 months 3¢ 18 11 21 
24 months or more : 2 | | 22 5 2 13 


* Reported as the lowest concentration of streptomycin by which growth was inhibited. 
+ Based on 247 cultures of M. tuberculosis obtained from 80 patients; only one test per 
patient was included for each time period. 


Of 115 patients living three years after therapy, it was recorded that 9 had 
experienced impaired hearing during streptomycin therapy. Seven of the 9 still 
had impaired hearing, and in 3 the condition had become worse. 


SUMMARY 


1. This report summarizes a survey made approximately three years after 
therapy of 202 patients with pulmonary tuberculosis treated with streptomycin 
in dosage of 1.8 to 2.0 gm. per day for 120 days. A majority of the patients had 
progressive, predominantly exudative, advanced pulmonary tuberculosis at the 
time streptomycin therapy was initiated. 

2. During the three-year period following streptomycin therapy, 28 per cent 
of 202 patients died. Arrest or apparent arrest of the disease was attained in 
40 per cent of 187 patients for whom this information was available. In 30 per 
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cent of this number, the disease remained active or quiescent. Approximately 
one-third of the living patients were gainfully employed and one-half were able 
to be up and about nine or more hours per day. 

3. The mortality rate was highest in the nonwhite races and in patients less 
than 25 years of age. Although the mortality rate was higher and death occurred 
earlier in the patients under 25 years of age, those who survived the three-year 
post-treatment period more often presented inactive disease than did those 25 
years and older. 

4. Sputum conversion occurred in 25 per cent of the patients during therapy 
and in an additional 25 per cent during the period since therapy. Seven of 29 
patients negative at the end of therapy and living three years later had recon- 
verted to positive. 

5. Multiple streptomycin sensitivity tests performed on tubercle bacilli ob- 
tained from 80 patients after the completion of 120 days of streptomycin therapy 
demonstrated organisms resistant to more than 10 y of streptomycin per cc. in 
80 per cent of the cases. There was no indication of decrease in the incidence or 
degree of resistance during the three years following therapy. 

6. Approximately one-half of the patients who exhibited vestibular disturbance 
during therapy still had residuals of this three years later. In none was the con- 
dition worse than at the end of therapy. It was the opinion of the examining 
physicians that in 6 per cent of the living patients the severity of the residual 
vertigo or ataxia was sufficient to interfere with gainful occupation. 


SUMARIO 


Estudio Trienal de 202 Casos de Tuberculosis Pulmonar Tratados 
con Estreptomicina 


1. Este estudio, ejecutado unos tres afios después de la terapéutica, comprende 
la observaciOn subsiguiente de 202 tuberculosos pulmonares tratados con estrep- 
tomicina a dosis de 1.8 a 2.0 gm. diarils durante 120 dias. La mayorfa de los 
enfermos tenfan tuberculosis pulmonar avanzada, evolutiva, predominantemente 
exudativa al iniciar la estreptomicinoterapia. 

2. Durante el trienio consecutivo a la estreptomicinoterapia, fallecié un 28 
por ciento de los 202 pacientes. Obttivose estacionamiento real o aparente de la 
enfermedad en 40 por ciento de los 187 enfermos para los cuales se contaba con 
esta informacién; y en 30 por ciento de los mismos la enfermedad continuaba 
en forma activa o quiescente. Aproximadamente la tercera parte de los sujetos 
vivos estaban empleados lucrativamente y la mitad pod{an estar levantados 
nueve o mas horas al dia. 

3. El indice de mortalidad aleanzé su mdximo en las razas no blancas y en los 
enfermos de menos de 25 afios de edad. Aunque dicho indice fué mas alto y la 
muerte sobrevino mas pronto en los enfermos de menos de 25 afios, los que 
sobrevivieron el trienio de posttratamiento presentaron enfermedad inactiva 
més a menudo que los de 25 afios o mas. 

4. Hubo viraje del esputo en 25 por ciento durante la terapéutica y en otro 25 
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por ciento mas en el periodo subsiguiente. Siete de 29 enfermos negativos al 
terminar el tratamiento y vivos tres afios después habian revirado a positivos. 

5. Multiples pruebas de sensibilidad ejecutadas en bacilos tuberculosos obteni- 
dos de 80 enfermos que habfan completado 120 dias de estreptomicinoterapia 
revelaron en 80 por ciento de los casos microbios resistentes a mas de 10 y de 
estreptomicina por cc. No hubo signos de disminucidén de la incidencia o de la 
intensidad de la resistencia durante los tres afios consecutivos a la terapéutica. 

6. Aproximadamente la mitad de los enfermos que manifestaron trastornos 
vestibulares durante la terapéutica tenfan todavia residuos de los mismos a los 
tres afios, sin que en ninguno hubiera empeorado el estado. En 6 por ciento de los 
pacientes vivos, los médicos examinadores expresaron el parecer de que la grave- 
dad del vértigo o ataxia residual era suficiente para impedir el desempefio de un 
oficio lucrativo. 
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INTRODUCTION 


During 1948 dihydrostreptomycin, either as the hydrochloride or the sulfate, 
became available for clinical trial in human subjects. Four of the New York 
State tuberculosis hospitals and one of us (H. M. R.) at the Lenox Hill Hospital 
in New York City undertook the study herein reported for the period May 
1948 through July 1949. 

The objectives of the study were to determine (a) the therapeutic efficacy of 
dihydrostreptomycin’; (b) toxic effects; (c) the emergence of resistant strains of 
tubercle bacilli; and (d) to note and appraise other advantages or disadvantages 
of the drug in the treatment of pulmonary tuberculosis. 


Plan of Study 


Fach participating hospital selected patients for presentation to conferences attended 
by the investigators for review and decision regarding inclusion in the study. Periodi- 
cally, accumulated data were reviewed and a group opinion rendered, both as to the 
effect of dihydrostreptomycin and as to the indications for, and timing of, supplemental 


forms of collapse or resection therapy. The patients chosen were between the ages of 15 
and 60 years, with acute or subacute, predominately exudative, and potentially revers- 
ible disease which was moderately or far advanced. A few patients who needed further 
antibiotic therapy but who were allergic to streptomycin were included. One of us (H. 
M. R.) acted as chairman of the conferences and coordinator of the study. 

Each patient received 40 milligrams of dihydrostreptomycin per kilogram of body 
weight, administered in divided doses twice daily. The total daily dose was determined 
at the outset and remained unchanged during the course of treatment irrespective of 
changes in body weight. Initially the drug was given for ninety consecutive days (26 
patients), but effective January 1, 1949 the duration of treatment was reduced to fifty- 
six days (38 patients). 

Prior to the inauguration of drug therapy, each patient had a complete physical ex- 
amination, standard and special chest roentgenograms as indicated, complete blood count, 
hemoglobin and blood urea nitrogen determination, sputum examination by both micro- 
scopic and cultural methods, urinalysis, audiogram, and caloric stimulation test (Kobrak). 
Usually these procedures were repeated every two weeks during treatment and monthly 
thereafter. On each positive sputum culture, sensitivity studies were to be done (Her- 
rold’s medium). On a limited number of patients, dihydrostreptomycin blood-level de- 
terminations were done. The study was completed in July 1949 and three months al- 
lowed to elapse before data were assembled. 


' From the Hermann M. Biggs Memorial Hospital, Ithaca; the Homer Folks Tubereu 
losis Hospital, Oneonta; the Mount Morris Tuberculosis Hospital; the Ray Brook State 
Tuberculosis Hospital; and the Lenox Hill Hospital, New York City. 

* Supplied through the courtesy of Merck and Company, Inc 
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COMPOSITION OF CLINICAL SERIES 


Tables 1 and 2 show the age, sex, and disease classification and distribution, 
and reflect the type of patient selected. Despite the well-recognized difficulty 
in classifying the disease according to predominant type, it was believed that 
such should be attempted as a basis for evaluating the efficacy of the drug (table 


TABLE 1 
Age and Sex Distribution of 64 Patients with Pulmonary Tuberculosis Treated with 
Dihydrostreptomycin 


15 to 19 
20 to 29 
30 to 39. 
40 to 49 
50 plus 


| 
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TABLE 2 


Classification of Pulmonary Disease in 64 Patients at Start of Treatment 
with Dthydrostreptomycin 


BILATERAL UNILATERAL 


Total. 


Moderately advanced 
Far advanced 
TABLE 3 
Distribution of Cases Classified According to Predominant Type of Disease 


| CASEOPNEU- 
Cc 
TOTAL EXUDATIVE FIBROTI MIXED MONIC 


Total 


Acute 
Subacute 
Chronic ll 


3). This table reflects the intent to select patients with predominantly exudative 
disease who were either acutely or subacutely ill. The data in table 4 confirms 
the experience of many that it is impossible to correlate the symptomatology 
of the patient with the roentgenographic and laboratory findings. Those who 
denied complaints (6 patients) are grouped with the slightly ill. In general, this 
corresponds to the description of severity of symptoms appearing in the Diag- 
nostic Standards of the National Tuberculosis Association, 1940 edition. 


573 
TOTAL | MALE FEMALE 
Years AP 
21 4 17 
18 7 
16 12 4 | 
6 3 | 3 
| 
64 52 12 
| 
64 4 4 13 3 
14 0 0 I 
29 7 
1 3 6 l 
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An attempt was made to determine the age of the “target’’ lesion either by 
review of serial roentgenograms when available or on the basis of the history. 
The age of the lesion could not be estimated with any dependable accuracy in 
35 of the 64 cases. Among the remainder were 3 patients whose “target” 
lesions developed within nine to twelve months preceding treatment, in 11 they 
developed from four to eight months, and in 15 in less than three months. 

On the basis of pretreatment observation, an attempt was made to determine 
the trend of the disease. In 21 patients there had been no significant demonstrable 
change in the serial roentgenograms and laboratory and clinical data during 
several weeks preceding drug therapy. In 33, or approximately half of the total 


TABLE 4 
Distribution of Cases Classified According to Degree of Clinical Illness 


TOTAL | SLIGHTLY ILL —— | SEVERELY ILL 
| 
Total... | 9 
Acute 15 | 3 8 4 
Subacute | 38 | 19 15 | 4 
Chronic | ll | 9 1 1 
TABLE 5 


Distribution of Cases Classified According to Prevalence of Cavities 


| | < acu. | 


Total 64 12 3 7 19 23 


Acute 15 1 2 1 6 5 
Subacute 38 9 | O 5 10 14 
Chronic ll 2 1 1 3 4 


group, the disease was progressive at the time treatment was started. Six patients 
were resolving their disease at the time medication actually was started, as 
judged by serial roentgenograms. In 4 patients the problem was so urgent that 
it was thought advisable to inaugurate antibiotic medication immediately. 
Fifty-two of the 64 patients had demonstrable pulmonary cavitation. Of these, 
10 had either honeycombing or cavities under two centimeters in total diameter 
and 42 had cavities more than two centimeters in total diameter (table 5). 
Fourteen patients had tuberculous complications. One had a draining sinus 
of the chest wall, and one had tuberculosis of the urinary tract. The complica- 
tions in the remaining 12 patients were lesions of the mucous membranes of the 


respiratory tract, i. e., larynx, trachea, or bronchi. 
Fifty-nine of the 64 patients had acid-fast bacilli in the sputum on microscopic 
examination of direct smears. In 63 of the 64, culture of sputum yielded tubercle 


bacilli. 
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RESULTS OF TREATMENT 


The results of treatment are reported as evaluated at three specific times: at 
the end of drug administration, at three months, and again at five months after 
drug administration. All patients had a minimum of three months post-treatment 
observation, and 55 were available for evaluation at five months. The patients 
included in this study were treated with bed rest, dihydrostreptomycin, and such 
forms of collapse or resection therapy as were indicated. It is extremely difficult, 
therefore, to determine what quantitative effect any one of the therapeutic 
factors may have contributed to the total result. In conference, however, the 
authors made an effort to decide if the change in the patient’s condition could 
be fairly attributed to dihydrostreptomycin. 


TABLE 6 


Distribution of Cases Classified According to Changes in Cavities Subsequent to Treatment 
with Dihydrostreptomycin 


| INCREASED OR 
NO CHANGE DECREASED DISAPPEARED NEW CAVITY 


c NC c | NC 


At end of treatment | | § 3 
3 months*.............. 13 | 3 
5 months* | 17 5 


* After completion of treatment. 
C—Collapse 
NC—No collapse 


Changes in cavities (table 6): Of the 52 patients who had demonstrable pul- 
monary cavitation at the start of the study, 14 showed no change in cavity size 
at the end of treatment; in 3 the cavities were larger; and in 35 the cavities had 
decreased in size or had disappeared. This result was achieved in 22 patients on 
bed rest and dihydrostreptomycin alone, whereas the remaining 13 received 
supplemental therapy, either collapse or resection surgery. 

Evaluation of results three months after the cessation of drug treatment shows 
quite a different picture. At this time 9 patients showed no demonstrable change, 
in 12 the cavities were larger, and in 31 the cavities were smaller or not visible. 
Of these 31 in whom no cavity was visible at this time, 11 had achieved this 
favorable response on bed rest and dihydrostreptomycin alone, but 20 had re- 
ceived supplemental therapy, either collapse or resection surgery. 

Forty-six patients had roentgenographically demonstrable pulmonary cavita- 
tion at the start of the study and were available for evaluation five months after 
the drug treatment. By this time only 5 patients had exhibited no change in 
cavity size, and in 10 the cavities were larger. There remained 31 who had re- 
sponded favorably. Of these, 9 had achieved this response on bed rest and dihy- 
drostreptomycin alone, and 22 had received supplemental therapy, either col- 
lapse or resection surgery. 


| 
| | 
| TOTAL = 
715 
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Effect on tuberculous complications: As previously mentioned, 14 patients had 
tuberculous complications. Dihydrostreptomycin therapy resulted in moderate 
improvement in the one draining sinus of the chest wall and marked improve- 
ment in one patient with tuberculosis of the urinary tract. Of the 12 patients 
with tuberculosis of the larynx, trachea, or bronchi, 3 exhibited marked improve- 
ment; 5, moderate improvement; and 4, slight improvement. 

This duplicated the experience with streptomycin and confirmed the clinical 
impression that tuberculosis of the mucous membranes responds satisfactorily 
and often dramatically to dihydrostreptomycin. 

Bacteriologic eramination of sputum: Although the data available on character 
and amount of sputum do not warrant detailed tabulation, the evidence strongly 


TABLE 7 


Results of Bacteriologic Examination of Sputum in 64 Patients Treated 
with Dihydrostreptomycin 


NUMBER OF PATIENTS 


Beginning | Th | . 
: ree months | Five months 
of drug End of drug ad- | afrer completion | after completion 


adminis- ministration 
wentien jof drug treatment of drug treatment 


Acid-fast bacilli seen on microscopic 59 44 35NC| 38 21NC! 26 14NC 


examination of direct smear or smear 9C | 17 C 12C 
of concentrated specimen 

| Culture of sputum positive for tu- 4 8 8NC; 8 5NC; 6 3NC 

berele bacilli 3C 3C 
| Culture of sputum negative for tu- te 10 6NC; 13 7NC; 19 7NC 

bercle bacilli ac 6C 12 C 
No data l NC 4 3NC/; 12 7NC 

ic | 5C 


* Remained culture negative and is excluded from balance of table. 
NC—No collapse 
C—Collapse 


suggests that dihydrostreptomycin had a detinite effect in reducing the amount 
of sputum and in modifying its purulent characteristics. 

Table 7 summarizes the data on the bacteriologic examination of sputum at 
various periods during the study and indicates the number of patients in any 
category receiving some form of collapse or surgical treatment. The increasing 
use of supplemental therapy as the study progressed made it impossible to draw 
any definite conclusions as to the relative effectiveness of the different therapeu- 
tic procedures. Nevertheless, in view of the extent and type of disease present 
at the start of the study, the achievement of negative cultures of the sputum in 
30 per cent of those cases previously positive by the end of the five-month period 
is considered acceptable. It is somewhat discouraging that in 41 per cent of the 
patients acid-fast bacilli were still present in the sputum at five months in spite 
of all therapies used. This figure includes those patients who had only a brief 
period of conversion as well as those who had a relapse. 
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Emergence of drug-resistant strains (table 8): Complete data on sensitivity 
studies performed throughout the study and follow-up period are available on 
25 patients. Two of these (omitted from the table) had received streptomycin 
previously and the strains of tubercle bacilli isolated from their sputum were re- 
sistant to 1,000 y per ml. At the start of dihydrostreptomycin therapy these 
strains were similarly resistant to that drug. One of these patients responded 
fairly well to dihydrostreptomycin, as judged by changes in the chest roentgeno- 
gram. The other continued to have slowly progressive tuberculosis. Of the strains 
isolated from 24 patients and known to be sensitive at the start, the organisms 
became resistant to 100 y/per ml. in one patient between the twenty-ninth and 
forty-second day of treatment, and the patient did poorly. In 8 patients the 
strains became resistant to 100 y per ml. between the forty-second and fifty-sixth 
days of therapy. In 5 of these the disease was progressive, in 2 the response to 
therapy has been satisfactory, and one left the hospital. In 5 additional patients 


TABLE 8 


Emergence of Resistant Strains of Tubercle Bacilli in Patients Treated 
with Dihydrostreptomycin 


NUMBER OF OF RESISTANT | | 


TIME OF EMERGENCE) 
OF THERAPY) | 


Patients from whose sputum re- 29 to 42 days — 
sistant strains were isolated 42 to 56 days 2 


57 to 70 days 4 
90 days 
Resistant strains never isolated | - 5 


* Resistant to more than 10 y per ml. 
t Result in one unknown. 


the organisms became resistant to 100 y per ml. during the fifty-seven- to 
seventy-day period. Four of these had satisfactory results and one had progres- 
sive disease. Only one patient was first found to have resistant organisms three 
months after drug treatment stopped, and his response was poor. There were 9 
patients in whom the organisms remained sensitive to 10 y per ml. or less through- 
out the study. A good clinical result was attained in 5 of these, and 4 had progres- 
sive disease. It would not seem that any significant conclusions could be drawn 
from these data. 

Toxicity: The only significant manifestations of toxicity were pain, induration, 
and necrosis at the site of injection. These reactions followed the use of the 
original shipment of dihydrostreptomycin hydrochloride. Dihydrostreptomycin 
sulfate did not produce such reactions. It is believed that the reactions were 
related to impurities. Twenty-nine patients had varying degrees of pain at the 
site of injection; in 16 some induration developed; and in 3 there was some necro- 
sis at the site. 

A few patients complained of such transient symptoms as dermal anesthesia, 
itching, nausea, vomiting, vertigo, and tinnitus. In no case were symptoms so 


l 
5 
1 
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severe as to influence medication, nor did they persist. Recovery from all toxic 
manifestations Was prompt and complete. 

Because of the interest in late manifestations of deafness, the audiograms 
done during and after completion of treatment were reviewed with special care. 
The records were complete in 50 of the 64 cases, 16 of which were followed for a 
minimum of ten months. Within the so-called normal hearing range, there was 
no demonstrable loss in acuity from three to ten months after cessation of drug 
therapy. At the 4,096 frequency there was a loss of 60 decibels in 2 patients, 40 
decibels in one patient, and a 10 to 30 decibel loss in 8 patients. There was a gain 
in hearing acuity of 10 or more decibels in 4 patients. The remaining patients 
showed no change in acuity of hearing. At the 8,192 frequency there was a loss 


TABLE 9 


Dihydrostreptomycin in Pulmonary Tuberculosis 
Estimated Effect in 64 Patients at End of Drug Therapy 


FAVORABLE 


Classified by Dynamic Status at Start of Treatment, 


Total 64 (13)* 14 (2) 46 (10) | 4 (1) 


Stationary 9 (2) 

> P 

I rogressiv¢ 3 
Retrogressive, — | 
Unknown ae | 2 1 


Classified by Type of Lesion at Start of Treatment 

Acute 15 (1) | 1 13 (8) 
Subacute 38 (9) (1) 27 (7) 
Chronic 11 (3) } 5 (1) 6 (2) 


*() Indicates number of patients who had surgical therapy as well as dihydro- 
streptomycin. 


of 60 to 70 decibels in 6 patients, 20 to 40 decibels in 14 patients, and less than 
20 decibels in 2 patients. In no patient, therefore, was clinical deafness manifest. 

Estimated total drug effect (tables 9, 10, and 11): At periodic conferences all 
available data on each case were reviewed and an estimate made of the therapeu- 
tic effect of dihydrostreptomycin. Favorable aspects were rated as marked, 
moderate, or slight. When no favorable response was observed, the result was 
recorded as no change or worse. Our judgments were based on such factors as 
abatement of objective symptoms, decrease in fever, alteration in the type and 
amount of sputum and its bacillary content, degree and rate of roentgenographic 
changes. Results of treatment were evaluated with reference to the type of lesion 
at the start of treatment and its dynamic status. This correlation of data was 
made to determine whether any particular set of circumstances could be expected 
to result in either a maximal effect of the drug or circumstances in which the 
drug was relatively ineffective. Irrespective of how the results of treatment are 


TOTAL NO CHANGE WwoRSE 
(2) 1 | 
(8) 2 (1) 
| 
1 | 
| 4 
3 (1) 
| 


DIHYDROSTREPTOMYCIN IN PULMONARY TUBERCULOSIS 579 


matched against pretreatment conditions, the same quantitative pattern 
emerges. The characteristics of this pattern are as follows: The earlier in the 
pathogenetic phase of the disease the drug was used, the greater the chance of 


TABLE 10 
Dihydrostrepiomycin in Pulmonary Tuberculosis 
Estimated Over-all Effect in64 Patients Three Months following Completion of Drug Therapy 


i 
TOTAL | NO CHANGE FAVORABLE WORSE 


Classified by Dynamic Status at Start of Treatment 


Total 64 (28)* | 38 (8) 
Stationary 21 (7) 14 6) | 
Progressive 16 (8) | 


Retrogressive 6 (2) 6 (2) 
Unknown.. ‘ 4 (2) | 2 (2) 


Classified by Type of Lesion at Start of Treatment 


Acute (2) 9 (4) | 4 (2) 
Subacute 21 (10) 14 (6) 
Chronic | K 8 (4) 


" + ) Indicates number of patients whe had surgical therapy as well as dihydrostrep- 
tomycin. 


TABLE ll 


Dthydrostreptomycin in Pulmonary Tuberculosis 
Estimated Over- all Effect in hed 6 Patients Five Months follows ng C Completion of Drug Therapy 


| NO CHANGE FAVORABLE 


( ‘lassified by Dyn namic Status at Start of Treatment 


Total | 36 (22) ) 


Stationary 2 12 (6) 
Progressive 2 (1) 16 (11) 
Retrogressive 6 (3) 
Unknown 4 | 1 2 (2) 


Start of Treatment 


Acute... 2 (1) 9 (5) 
Subacute d 1 21 (14) 
Chronic ¢ 2 | 6 (3) 


“¢3 Indicates number of patients who had surgical therapy as well as dihydrostrep- 
tomycin. 


favorable effect. Second, when a favorable drug effect was observed, it was usu- 
ally definite, and usually occurred between the fourth and sixth weeks. Changes 
after this period were comparatively slight and slow. Third, the response was 
usually slight or absent in patients having chronic disease. 


18 (8) 
3 (1) 
15 (7) 
| 
| 
| 
| 4 (3) | 
{ 9 (3) 
1 (i) 
Classified by Type of Lesion at i 7: 
12 (5) 
| 1) 
| 
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Comparison of the results at the end of drug therapy with results three months 
and five months after completion of therapy makes it apparent that patients listed 
as having “no change’ progressively decrease in number, whereas the number 
listed as ‘“‘worse”’ progressively increase. There is a steady increase in the number 
of patients showing a favorable response and a continuing increase in the use 
of collapse or resection surgery. This makes it impossible to evaluate the effect 
of dihydrostreptomycin alone. 

More suitable conditions for collapse therapy were brought about by dihydro- 
streptomycin in 17 of 64 patients. The chances for success of collapse therapy 
were definitely improved in 27 patients, and the period of bed rest was believed 
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Tiwe in Hours FOLLOWING ADMINISTRATION 


Fig. 1. Concentration of dihydrostreptomycin in serum of patients after doses of 20 
per kg. of body weight every twelve hours. 


to have been shortened also for 27 patients. These favorable results were offset 
in part by the occurrence of an exacerbation or progression of the disease which, 
when it occurred, was usually observed during the second to fifth month after 
the cessation of drug therapy. 

Dihydrostreptomycin concentrations in the blood (figure 1): Determinations of 
the serum concentrations of dihydrostreptomycin were made on samples of 
blood from 7 patients. The dose of dihydrostreptomycin varied from 1.1 to 1.4 
gm. each twelve hours, and the range of body weight was 54 to 74 kg. Blood 
samples were taken at one, two, four, eight, and twelve hours after each of two 
consecutive drug administrations. These 7 patients had never previously received 
streptomycin or dihydrostreptomycin. The serum concentration rose rapidly 
after drug administration to approximately 40 y per ml. of serum in one hour. 
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In four hours the blood level had dropped to approximately 20 y or one-half of 
the maximum, and in eight hours had dropped to about 10 7 or one-quarter of 
the maximum. Determinations at thirty-six and sixty hours after the second 
drug administration failed to reveal any detectable dihydrostreptomycin in the 
blood, indicating relatively rapid excretion. 


DISCUSSION 


In the execution of a clinical study, clinical impressions arise, not readily 
measurable except in a controlled study, which influence judgment on the value 
of a therapeutic agent. One such impression gained in this study is that there is 
a sufficient increment of improvement over and above other forms of therapy to 
justify the use of dihydrostreptomycin on a broad scale. A second impression 
is that dihydrostreptomycin rarely constitutes a definitive form of treatment 
and that relapse of disease following initial improvement does occur (16 in this 
series). It is believed important that the use of antibiotics should be so “er 
and timed with other forms of therapy as to achieve maximum benefit. A third 
impression is that the patients could frequently distinguish between the hydro- 
chloride and sulfate salt and preferred ihe latter. A fourth is that a thorough 
comparative study is desirable to determine the relative value of the various anti- 
bioties available. 


SUMMARY 


This report summarizes the results of treatment in 64 patients with pulmonary 
tuberculosis who received dihydrostreptomycin in doses of 40 mg. per kg. per 
day for fifty-six to ninety days. No significant toxic reactions to the drug were 
observed except local pain, induration, and necrosis at the site of injection, which 
were associated only with the use of dihydrostreptomycin hydrochloride. 

Dihydrostreptomycin sulfate is a safe and useful therapeutic agent in pul- 
monary tuberculosis and causes no serious toxic manifestations in the dosage 
used. Complications of tuberculosis, especially lesions of the mucous membranes 
of the respiratory tr 
streptomycin. 


SUMARIO 
La Dihidroestreptomicina en la Tuberculosis Pulmonar 


Sesenta y cuatro casos de tuberculosis pulmonar fueron tratados con dihi- 
droestreptomicina a dosis de 40 mg. por kg. de peso vivo durante 56 a 90 dias. 
No se observaron importantes manifestaciones téxicas, aparte de dolor, indura- 
cién y esfacelo en el sitio de la inyeccién, y esto inicamente cuando se usé el 
clorhidrato de dihidroestreptomicina. 

El sulfato de dihidroestreptomicina constituye un agente terapéutico inocuo 
y itil en la tuberculosis pulmonar, sin ocasionar graves manifestaciones téxicas 
a las dosis utilizadas. Las complicaciones tuberculosas, y en particular la tubercu- 
losis de las mucosas del aparato respiratorio, respondieron favorable v a menudo 
dramiticamente a la dihidroestreptomicina. 


a 


THE NATURE OF THE ACTION OF STREPTOMYCIN ON TUBERCLE 
BACILLI! 


LAWRENCE P. GARROD 
(Received for publication June 5, 1950) 


INTRODUCTION 


It is helpful in planning the conduct of chemotherapy to understand the na- 
ture of its effect on the microorganism. If this effect is merely bacteriostatic, pre- 
sumably as continuous an action as possible will be desirable. If it is bactericidal, 
each dose may have a beneficial effect, whatever the interval between it and the 
next. This aspect of the action of streptomycin in tuberculosis has been remark- 
ably little discussed. In their original paper, Schatz, Bugie, and Waksman (1) 
credited streptomycin with “strong bactericidal properties,’ and Smith and 
Waksman (2) later reported experiments in which the antibiotic in a concentra- 
tion of only 2 y per ml. sterilized a culture of avirulent human M. tuberculosis in 
only 6 hours. Streptomycin is certainly actively bactericidal to other species in 
higher concentrations. Helmholz (3) found that urine containing 1,330 y per ml. 
sterilized an inoculum of each of 5 species of bacteria within one hour. Garrod 
(4) showed that a large inoculum of Staphylococcus aureus in broth was extin- 
guished in 8, 4, and 2 hours by concentrations of 20, 50, and 200 y per ml., re- 
spectively ; 2,000 y per ml. produced a 99.8 per cent mortality in only 10 minutes. 
The writer has also observed by quantitative cultivation at two-hour intervals 
of urine from patients with urinary tract infection treated with streptomycin 
that the numbers of living bacteria may be reduced by 99.9 per cent within 2 
hours of the first dose, and sterility achieved within 6 or 8 hours when the treat- 
ment is successful. The high concentration of the drug attained in the urine is, of 
course, exceptionally favorable to its action, and such rapid eradication of infec- 
tion cannot be expected elsewhere in the body. 

Despite observations of this kind, it seems to be commonly assumed that the 
action of streptomycin is at least mainly bacteriostatic. This view is taken in 
Waksman’s recently published book on streptomycin (Sireplomycin. Its Nature 
and Practical Application, Williams & Wilkins Co., Baltimore, 1949). Corper 
and Cohn (5) go so far as to deny that its action in tuberculosis is exerted di- 
rectly on the bacilli at all, and describe an experiment in which the intermittent 
introduction of high concentrations into surface cultures in liquid medium failed 
to arrest growth. 

EXPERIMENTAL 


The following experiments were made to obtain further information on the 
effect of streptomycin on M. tuberculosis. Streptomycin was added to Dubos 
liquid medium in various concentrations, and tubes containing 5 ml. were inocu- 
lated with 0.2 ml. of a culture in the same medium of M. tuberculosis H37Rv. 


1 From the Department of Bacteriology, St. Bartholomew’s Hospital, London, England. 
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The tubes were kept in a water bath at 37°C. and viable counts were made 
forthwith and at intervals thereafter, using the dropping pipette dilution method 
and the surface inoculation of Dubos agar medium with a 0.02 ml. drop of each 
dilution. 

The results of one such experiment are shown in figure 1. With both concen- 
trations used there was a fall in the viable count in 2 hours. The fall produced 
by 100 y per ml. was steep and sterility was achieved in 8 hours. A concentration 
of 20 y per ml. killed more slowly, sterility being demonstrated at 24 hours. In 
a further series of experiments, using a wider range of concentrations and mak- 
ing counts at intervals of 3, 1, 2, 4, 8, 24, 32, 48, 72, and 96 hours, the following 


Fic. 1. Viable counts of M. tuberculosis H37Rv in Dubos liquid medium at 37°C. con- 
taining 100 y streptomycin per m!., 20 y streptomycin per ml., no streptomycin (“C”). 


were the times required to achieve “‘sterility”’ (actually to reduce the content of 
living bacilli to less than 500 per ml., since the first culture was made from a 0.02 
ml. drop of a 1 in 10 dilution): 


500 per ml . 2 hours 
100 + per ml. 8 hours 
50 y per mi. 8 hours 
20 y per ml. 24 hours 
10 y per ml. 72 hours 
5 y per ml.. Roe 96 hours 


These results are in accord qualitatively with those of Smith and Waksman, 
although they do not confirm that very low concentrations have so rapid a bac- 
tericidal effect. 

DISCUSSION 

It may be concluded that in a favorable medium streptomycin in concentra- 

tions attainable therapeutically throughout the body will cause a substantial 
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mortality in a population of tubercle bacilli within a few hours. One purpose of 
this paper is to suggest that this fact may have a bearing on the therapeutic 
effect of the drug in tuberculosis and particularly on dosage schedules. The orig- 
inal practice was to give several doses daily. Now it is rare to give more than one 
dose a day, and even intermittent systems, such as two doses per week, have 
been found satisfactory. It was well established several years ago by Feldman 
(6) that systems of dosage in guinea pigs, involving short or long intervals and 
either continuous or intermittent, had an “essentially equal efficacy.” 

. These otherwise anomalous findings can be explained by assuming that a 
single adequate dose of streptomycin, producing a blood and tissue concentra- 
tion of 30 y per ml. or more, does in fact kill a substantial proportion of the 
actively multiplying and accessible bacilli in the body. It will then be several 
days before those which were inaccessible in foci of necrosis or frank caseation 
are able to resume the invasion of surrounding tissues. This hypothesis would 
account for the success of intermittent treatment, which has been shown to have 
the further advantage that it delays the emergence of resistance. 

The truth of this hypothesis might be tested by enumerating the living tu- 
bercle bacilli in the organs of infected guinea pigs shortly after a single dose of 
streptomycin had been given, control counts being made in animals at the same 
stage of infection and not so treated. This has not yet been attempted. Some 
observations by Jensen (7) may appear to have a bearing on this: He made 
quantitative cultures of the lungs and spleen of guinea pigs heavily infected by 
inhalation and treated with streptomycin from the third day onward. The num- 
bers of bacilli cultivated from the lungs continued to increase at almost the same 
rate as in controls until the thirteenth day when they began to diminish, and 
Jensen's interpretation of this is that streptomycin does not affect the growth 
of tubercle bacilli in the body until allergy is established. The results of the 
spleen counts are not given. It seems possible that, in the lungs of animals infected 
by inhalation, bacilli may have multiplied for some days in the air passages where 
they would not be subject to the full influence of the drug. 

Jensen and others apparently regard the action of streptomycin in the body 
as differing from that exerted in vitro. It is at least a proposition worth consider- 
ing that the action is of the same nature in either environment. Assuming that 
this is so, and if it be agreed that to exert a continuous bacteriostatic action is 
not the aim of treatment but rather that each dose shall have a bactericidal 
effect, then dosage systems might call for reconsideration. A rational method 
of treatment, at least for chronic forms of the disease, would be to administer a 
single large dose or series of doses in one day, aimed at keeping the blood con- 
centration at a high level for, say, 12 hours, at intervals of several days. 


SUMMARY 


Acting on dispersed cultures of M. tuberculosis in a liquid medium, streptomy- 
cin is bactericidal; concentrations attainable therapeuticaliy in the body killing 
a large proportion of the bacilli within a few hours. The possible bearings of this 
observation on the therapeutic action of streptomy’ a tuberculosis are dis- 


cussed. 
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SUMARIO 


Naturaleza de la Accién de la Estreptomicina sobre los Bacilos Tuberculosos 
Al aectuar sobre cultivos dispersos del Mycobacterium tuberculosis en un medio 
liquido, la estreptomicina resulta bactericida, destruyendo a las concentraciones 
obtenibles terapéuticamente en el organismo una gran proporcién de los micro- 
bios en término de pocas horas. 
Se discuten las posibles relaciones de esta observacién con la accién terapéutica 
de la estreptomicina en la tuberculosis. 


REFERENCES 


(1) Scuatz, A., Bueie, E., anp Waxsman, S. A.: Streptomycin, a substance exhibiting 
antibiotic activity against gram-positive and gram-negative bacteria, Proc. Soc. 
Exper. Biol. & Med., 1944, 55, 66. 

(2) Smita, D. G., anp Waksman, S. A.: Tuberculostatic and tuberculocidal properties of 
streptomycin, J. Bact., 1947, 54, 253. 

(3) Hewmuouz, H. F.: The effect of streptomycin on bacteria commonly found in urinary 
infections, Proc. Staff Meet., Mayo Clin., 1945, 20, 357 

(4) Garrop, L. P.: The bactericidal action of streptomycin, Brit. M. J. 1948, 7, 382. 

(5) Corper, H. J., anp Coun, M. L.: The probable mechanism of streptomycin action in 
tuberculosis, Yale J. Biol. & Med., 1948-1949, 27, 181. 

(6) FetpmMan, W. H.: Studies in the chemotherapy of tuberculosis, including the use of 
streptomycin, Tr. & Stud., Coll. Physicians, Philadelphia, 1946, 14, 81. 

(7) Jensen, K. A.: Biological studies on streptomycin therapy, Acta tuberc. Scandinav., 
1949, Supplement 21, 42. 


585 
| 


THE EFFECT OF STREPTOMYCIN ON TUBERCULOUS MENINGITIS' 
A Study of Three Cases at Necropsy 
MARTIN G. NETSKY, NATHANIEL 8. RITTER, ann H. M. ZIMMERMAN 


(Received for publication July 1, 1950) 


INTRODUCTION 


Prior to the advent of streptomycin, tuberculous meningitis was almost 
universally fatal. With streptomycin, some cures have been reported and the 
course of the disease in many patients has been lengthened. As with other anti- 
bioties used in treating meningitides, there has been discussion of the value of 
intrathecal medication. In the case of sulfonamides and of penicillin, this has 
largely been resolved by the success of treatment of some forms of meningitis 
without intrathecal therapy (1, 2). The failure of intramuscular streptomycin 
alone to cure tuberculous meningitis has prompted many workers to give the 
drug intrathecally as well. This report deals with the morphologic findings in 
3 patients with tuberculous meningitis who succumbed to the disease after 
treatment with streptomycin and with the implication of these findings in re- 
lation to intrathecal therapy. 


CASE REPORTS 
Case 1 
Clinical Data 

The patient, a 27-year-old-female, was admitted to the hospital in December 1948. 
Three months before admission she was awakened by a severe frontal headache which was 
sharp and steady in character. She felt nauseated and vomited. Two days later she again 
awoke with a severe generalized headache. The headaches continued after this, and soon 
thereafter she developed backache. After two weeks of daily headache she experienced 
bilateral tinnitus and pain in the left ear. A sensation of vertigo, with the room spinning, 
occurred at intervals. She developed anorexia, vomiting, and chills, and was admitted to 
another hospital. Thereafter she was continuously bedridden. For three weeks she slept 
most of the time and was later amnesic for this period. She then became more alert, the 
headaches decreased in severity, but the nausea and vomiting continued. 

Physical examination revealed sinus tenderness, soft systolic murmurs over both the 
apex and base of the heart, possible slight stiffness of the neck, and a left Babinski sign 
On lumbar puncture, the initial pressure of the cerebrospinal fluid was 300 mm. of water. 
The fluid contained 128 erythrocytes and 366 leukocytes per cu. mm., of which 92 per cent 
were lymphocytes and 8 per cent, polymorphonuclear neutrophils. The cerebrospinal fluid 
sugar content was 31 mg. per 100 cc. Examinations of the fluid by smears, cultures, and 
guinea pig inoculation for tubercle bacilli were all negative. A chest roentgenogram revealed 
left apical and bilateral hilar calcifications. 

The patient’s temperature ranged from 100° to 101°F. The presumptive diagnosis of tu- 
bereulous meningitis was made and the patient was given streptomycin by both the intra- 
museular and intrathecal routes. The cerebrospinal fluid on different occasions contained 
an average of 200 leukocytes, of which 90 per cent were lymphocytes. Values of protein were 
approximately 150 mg. per 100 ec.; and for sugar, 130 mg. per 100 ec. At the end of Novem- 


From the Laboratory Division, Montefiore Hospital, New York, N. Y. 
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ber M48, the patient developed severe lumbar pain radiating into the legs. Intrathecal 
streptomycin was discontinued and the intramuscular dose was raised to 2 gm. per day, 
ollowing which the root pains disappeared. Tests of vestibular function at this time revealed 
that the labyrinths did not respond to calorie stimulation. She was transferred to this hos- 


Figs. 1-4. Case 1. (Upper left) Photomicrograph of the lumbar leptomeninges. These sare 
thick and fibrotie and contain seattered Ivmphoevtes H and FE stain. (100 ( Upper right 
The leptomeninges in the thoracie region reveal a picture similar to that seen in figure 1 
H and ki stain. (110 Lower left) The pontine substance is at the top, the thick exudate 
in the leptomeninges at the bottom. Notice the perivascular extension of Ivmphoeyvtes into 
the pons. Hand stain. (110% Lower right ) Caseous necrosis in the exudate in the Svivian 


fissure may be seen. and stain. (110x 


pital where examination revealed intaet cranial nerves. (Labyrinthine function was not 
tested at this time.) No motor or sensory abnormalities were present. There were hy per- 
retive but equal dee pre flexes and a Babinski sign on the left. The patient was unable to 
sit up beeause of vertigo 

In January 1949, she became severely ill. The cerebrospinal fluid protein at this time 
was 210 mg. per 100 the sugar, 33 per 100 and there were 100 Iymphoeyvtes per eu 
mm. Her neck was stiff and WKernig’s sign, positive. A report of the finding of aerd-fast bacill) 


in one of 6 guinea pigs was then obtaimed, She was again given streptomyein, 2 gm. intra. 
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museularly and 100 mg. intratheeally each day, and seemed to improve slightly. In Mareh 
149, pneumoencephalogram revealed a slight degree of cerebral atrophy without hydro- 
cephalus. In May 149 she was discharged to her home. She was fairly well until the end of 
the month when she beeame delirious, with severe headache and stiff neek. She was read- 
mitted in a semistuporous state. Cheyne-Stokes respirations appeared, and she died on 
the day of admission. The total dose of streptomycin was 316 gm. intramuscularly over a 
period of six and one-half months and 1,450 mg. by the intrathecal route The duration of 


illness was nearly nine months 


stops 


Gross examination: At necropsy (performed by Dr. William Ruberman), the only evi- 
dence of pulmonary involvement was « calcified left apical nodule. Tuberculous lesions 
were not found in other organs 

The cerebral dur iwas intact There were small milky opacities along the course of blood 
vessels in the leptomeninges over the convexity of the brain. The meninges at the base 
were thickened, with impingement on the orifices of the foramina of Luschka. The latter 
however, were not completely oecluded. A few small tubercles were present in the lepto- 
meninges within the Svivian fissures 

I:xcept for a moderate cerebellar pressure cone, no cerebral swelling was present. On 
sectioning the brain, no abnormalities were seen in the cortical gray or subcortical white 
matter. The ventricular sucfaces were covered with numerous small excresences, giving 
the ependyma a “dew-drop” appearance. The ventricular system was fully patent and was 
not dilated 

In the spinal cord, there were many adhesions of the dura to the leptomeninges. This 
Was Thost prominent in the lumaboar region but was seen throughout the entire length of the 
cord. The leptomeninges were thiekened. No abnormalities of gray matter or of fiber tracts 
were present 

Vicroscopic eramination: The leptomeninges in the lumbar region (figure 1) were fibrotie 
ined contained only seattered Ivinphoevtes Neither tubercles nor cnseous necrosis were 
present. The spinal cord in the thoracic region had « similar appearance (figure 2). In the 
cervieal region there were more Iyvmphoevtes but the fibrosis was similar to that seen in 
the lower regions 

In the leptomeninges overlying the pons, there was extensive cellular exudation which 
penetrated the pontine substance (figure 3). Numerous lymphoeytes as well as euseous 
necrosis and tubercle formation were seen in the leptomeninges of the Svivian fissures This 


wes true of all sections exeept tor one fibrotie focus in the occipital lobe 


Comment: The morphologic findings in this case demonstrate well a pattern 
of fibrosis and minimal exudation in the spinal leptomeninges and of caseous 
necrosis and extensive exudation in the meninges of the brain stem and cerebrum. 


Long-continued use of intratheeal streptomycin resulted in reot pains which 


disappeared with discontinuance of drug administration by this route. 


, 


( 
Clinical Data 
The patient, a St-vear-old male, developed a productive cough with vellow) spu- 
tum in May 1947. This continued for six months when «a roentgenogram of the chest taken 
it another hospital revealed exudative tuberculosis of the right upper lobe Hospitaliza- 
tion was advised but refused. In OQetober 1448 he noticed blood-tinged sputum. He con- 
tinued to work until weakness foreed him to enter this hospital in Mareh [49 
On admission, his temperature was 100°F. Physieal examination revealed that the tra- 
chea was deviated to the right, the right upper lobe of the lung was dull to pereussion, and 
there were rales throughout the chest. A roentgenogram of the chest now demonstrated 


far advanced tuberculosis of the fibroeavitary type, involving both lungs. A kinked right 
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upper lobe bronchus was seen on bronchoscopy without endobronchial disease in the por- 
tion visualized. Culture of sputum was positive for tubercle bacilli. In April 1049, intra- 
muscular streptomycin therapy was started with a dose of 1 gm. a day for the first week, and 
subsequently | gm. twice weekly. In June the dose was increased to 1 gm. daily because of 
lack of improvement. Early in June he complained of low back pain, nausea, and vomiting 
This continued until June 28, when he became agitated and disoriented. Neurologic exami- 
nation revealed definite bilateral papilledema, stiff neck, and a positive Wernig sign. Lum- 
bar puncture was performed and examination of the cerebrospinal fluid revealed the protein 
content tobe 159 mg. per 100ce.; sugar, 14 mg. per 100 ce. ; and chlorides, 362 mg. per 100 ce 
There were 5 lymphoeyvtes per cu. mm. and the pressure was 140 mm. of water. Culture of 


> 


2 (I pper left) In the lumbar region, the leptomeninges are fibrotie and 

contain a few lymphoeytes. H and bk stain. (150X). (Upper right) The thoracie meninges 
re thick. Some Iymphoeyvtes and two giant cells are present in the dense connective tissur 
stroma. Ho and bk stain 120* Lower left Note neerotie zones in the pontine leptome- 
ninges. H and [Io stain. (120x Lower right) In the meninges sround the tuber cinereum, 


iseation and necrosis are evident. Hand Io stain. (110x 


the fluid was positive for tubercle bacilli. Beginning June 30, 1049, 50 mg. of streptomyein 
were given intratheeally each day, together with an intramuscular dose of 0.5 gm. On July 
22 intratheeal streptomycin therapy was stopped, but intramuscular streptomyvein was 
continued. The patient remained weak and irrational, became dehydrated, and died on 
September 3, two months after the first symptom of meningeal involvement. The total dose 
of streptomycin given intramuscularly was 93 gm. administered for four months. and 900 


mg. intratheeally during a one-month period 


/ 

Giross eramination Necropsy performed by Dr. John Grihn) revealed fibroesseous 
tuberculosis of the upper lobe of the right lung with cavitation, tuberculous mediastinal 
Ivmphadenitis tuberculous ippendicitis 

The cerebral dura was normal. The leptomeninges over the convex surfaces were clear 
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ind translucent. Small vellow masses less than 2 mm. in diameter and resembling tubereles 


were seen in the leptomeninges surrounding the infundibular stalk. Similar nodules were 


Sylvian fissures and over the posterior portion of the fourth ventricle. The 


present in the 


leptomeninges overlying the pons were cloudy and thick 


On sectioning the brain, the gray matter was normal in appearance The ventricles were 


not dilated. The ventricular system was entirely patent \ granular ependymitis was seen 


throughout the ventricular system. A tuberele was present in the anterior part of the third 


ventricle just above the optie chiasm. The choroid plexus in the fourth ventricle was thiek- 


ened. The cerebellum and brain stem were intact 
There were numerous adhesions of the dura to the leptomeninges throughout the length 


of the spinal cord. The leptomenimnges were creamy vellow in color and thick. There were no 
sbnormatities of the central gray matter nor of the fiber tracts 


Vicroscoprie eraminat m: The pia-arachnoid in the lumbar region was fibrotic (figure 5 


There were a few se ittered Ivmphoevtes but no other evidence of activity of the tuberecu- 
Ar the thoracie level of the spinal cord the leptomeninges were thiekened and 


lous process 


contaimed a moderate number of Ivmphoeyvtes ind a few giant cells (figure 6 The thieken- 


ing of the leptomeninges, however, was secondary to fibrosis without caseous necrosis 


Caseation was present in the leptomeninges overlying the pons (figure 7). Tubercles and 


extensive tuberculous angutis were present in this region. As a result of the angiitis there 


was a small infaret in the pons. The choroid plexus cont tined tubercles. Numerous active 


tuberculous lesions were seen in the cerebrum. One example of these lesions, in whieh there 


mav be seen both easeation and neerosts, 1s shown in figure S 


Comment: Ut is of interest that this patient developed tuberculous meningitis 


while receiving streptomycin by the intramuscular route. This occurrence in 
dieates that, if this drug is to be effective. either higher doses or other routes 


of administration must be used. The histologic evidence of fibrosis and healing 


low in the spinal cord contrasts strikingly with the exudation, angiitis, and 


necrosis higher in the neurants. 


Clinveal Data 


Phe patient Mievear-old white mule had history of cough for five vears 
f hemoptysis in the three vears preeeding admission Five months before 


three episodes « 


he «cleve d flu” Thereafter his cough hbeenme mere productive he 


eame weak \ roentgenogram of the chest revealed far uivaneed il 


pulmonary tuberculosis with cavitation ind extensive pleuritic changes When admitted 


ter thee hosput \pril the sputum wis found on ¢ Samination to contamn 


veid-fast bacilli, It was deerded to treat him by bed rest, and he was ultimately discharged 


to his home in November Ts 
Three weeks liter he began te lose his ippetite md he developed severe frontal head 


ches whieh prevente him trom sleeping He became irrit ible, weak dizzy finally 


tnd disoriented. Te was readmitted in December TOS. Examination re vealed a 


temperature of 101 FB. Wheezes and rales were heard throughout the chest. There wis 


The neck was only slightly rigid. There were positive hernig 


minimal bilateral papitledemie 


signs bilaterally. The patient was oriented but sleepy. Lumar puncture revealed cerebro- 
spinal fuid pressure of 280 mm. of water The cerebrospinal fluid sugar content was 38 mg 
per 10 ee. and there were 50 Lymphoevtes per eu. mm 


intramuseularly twiee daily and 50 mg 


Ile was given streptomvern on doses of | gm 


intratheently every two davs. The cerebrospinal flurd w is studied during the following five 
months of therapy without revealing definite tre nds in the values obtained in the vartous 
Phe initial pressure ranged from ISO te 0 mm. of water The cell 
count ranged from 2 te 226 per eu. mim tending to be lower after the first month. The pro 


tein content ranged from {to 225 mg. per lee > the ehlorides, from 341 to 303 mg. per LOO 


/ 
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ce. and the sugar, from 25 to 78 mg. per 100 ce Culture of the cerebrospinal fluid revealed 
tubercle bacilli only on the third day of treatment and was thereafter negative Roentgeno- 
grams of the chest showed few changes throughout his hospital stay 

He seemed to improve symptomatieally, and in Mareh 1949 was up in a wheel chair. In 
April headache recurred. In May he developed confusion, disorientation, and hallueina- 
tions. Neurologie examination was similar to that performed on admission He became pro- 
gressively more somnolent and cyanotic, and died in May 1949. The total dose of intramus- 


pper left) In the lumbar region of the spinal cord there are : 
Iymphoevtes contained in the proliferated leptomeninges. HE and stain. (150> 
right Fibrosis of the thoraen leptomeninges may be noted Hoand stain 
Lower left In the pontine meninges extensive necrosis is present Ho and stain 


Massive exudation may be seen in the meninges of tempor il lobe. Nissl stain. (120% 


cular streptomycin administered was 284 gm. over a four-mouth period, and 3.900 mg 
intratheeally in the same period of time. The duration of illness was slightly more than 


four months 


A ulopsy 

Gross examination: At necropsy (performed by Dr William Ruberman ) bilateral chronic 
fibroeavitary pulmonary tuberculosis was found. The cerebral dura and dural sinuses were 
normal. The leptomeninges over the convexity were thin and clear. Numerous tubercles 
were present at the base of the brain over the hippocampal gvri the orbital gyri, in the 
Sylvian fissures, in the median longitudinal fissure of the frontal lobe, and in the cerebello- 
pontine angle The leptomeninges overlying the pons and cerebellum were thiekened 

The gray and white matter appeared normal on sectioning the brain. The ependymal 
surfaces of lateral and third ventricles cont ined numerous small excrescences, giving a 
“dew-drop” appearance. Hydrocephalus was not present Brain stem and cerebellum were 


unremarkable in the gross 


itew 
| 
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Ventrally. there were only a few adhesions of spinal dura to the pia-arachnoid, but 
dorsally many adhesions were present The leptomeninges in the region of the eauda equins 
were thickened. The gray matter and fiber tracts were not abnormal 

Vicroscopic eramination: There was tibrosis of the leptomeninges in the lumbar region 
of the spinal eord (figure 9). Only a few Lymphoeyvtes were seen. Asimilar picture was present 
it thoracic levels (figure 10). In the meninges of the medulla and pons, however, exudation 
ind caseation were prominent (figure | A lymphoevtic ependymitis was present in the 
wqueduet, but the orifice was widely patent. Numerous tubereles, exudation (figure 12), 
meningitis, and angiitis were present in the cerebrum. The choroid plexus contained only a 


few small lymphoeyvtic infiltrations 


DISCUSSION 


In the past, the course of tuberculous meningitis was so uniformly progressive 
that the findings in the spinal cord herein described were not encountered. Tuber- 
culous meningitis healing with fibrosis is a new entity. The almost exclusive 
limitation of the fibrosis to the spinal cord is a consistent and striking fact. This 
observation Was noted in some of the cases reported briefly by the British 
Medical Research Council (3). It is highly probable that the direct: administra- 
tion of streptomycin in this region of the neuraxis was in large part responsible 
for the appearance of the lesions in these cases. It may be assumed that the thera- 
peutic effeet of the drug on the inflammatory process was to produce healing by 
fibrosis. The possibility also exists that the irritative effect of streptomycin on the 
leptomeninges contributed to the formation of sear tissue, 

The intrathecal administration of drugs may well be harmful. There are nu- 
merous reports in the literature to attest to this fact (4). Both sulfonamides and 


penicillin are effective in the treatment of various meningitides without intra 


theeal medication. In the use of streptomycin in tuberculous meningitis, however, 
the best results have been obtained with combined intramuscular and intra 
theeal administration. Most of the patients reported as cured received the drug 
by both routes (5, 6). In a series of eases described by the Medical Research 
Council (3), better results were obtained with combined therapy than by the 
intramuscular route alone. Case 2 of the present series demonstrates that in- 
fection of the meninges by tubercle bacilli may oeeur during intramuscular 
therapy 

It appears then that intrathecal streptomycin is of value, especially in aiding 
healing in the spinal meninges. It seems probable, therefore, that some means of 
obtaining higher concentration of the drug in the upper portion of the neuraxis 
would be helpful. This has been attempted by Cairns, Duthie, and Smith (7) 
who utilized the intraventricular route. Indeed, Smith, Vollum, and Cairns (8) 
have even administered streptomycin by indwelling catheter to the interpedun- 
cular space and basal cisterns. The results of these attempts are not yet avail- 
able. Another means of delivering higher concentrations of streptomyein to the 
upper neuraxis might be achieved by placing the patient in the Trendelenburg 
position after intrathecal injeetion in the lumbar region. It is recognized that the 
use of intraventricular streptomycin or high concentrations of the drug over the 
cortien! surfaces is not without danger. Nevertheless, if the drug is to be used, 
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either higher doses, other portals, or combination with other drugs are needed 
to raise the cure rate. In an otherwise uniformly fatal disease, such attempts are 
worthy of trial. 


SUMMARY AND CONCLUSIONS 


This report describes the observations at necropsy in 3 patients with tuber- 
culous meningitis who were treated with intramuscular and intrathecal injections 
of streptomycin. Post-mortem examination revealed the relatively new entity 
of tuberculous meningitis with fibrosis and minimal exudation in the leptomenin- 
ges of the spinal cord. This appearance was in contrast with an active process of 
exudation and necrosis in the meninges of the brain stem and cerebrum. It is 
believed that the higher concentration of streptomycin in the spinal meninges 
was responsible for the healing. Other evidence of the value of intrathecal strepto- 
mycin is presented. An effort should be made in future regimens of treatment to 
deliver higher concentrations of streptomycin to the brain stem and cerebrum. 


SUMARIO Y CONCLUSIONES 
El Efecto de la Estreptomicina sobre la Meningitis Tuberculosa 


Tres enfermos con meningitis tuberculosa fueron tratados con estreptomicina 
por las vias intramuscular e intratecal. La autopsia revelé una entidad relativa- 
mente nueva de meningitis tuberculosa con fibrosis y exudado minimo en las 
leptomeninges de la médula espinal, lo cual contrastaba con un proceso activo : 
de exudado y necrosis en las meninges del bulbo raquideo y del cerebro. Parece 
que la concentracién mayor de estreptomicina en las meninges raquideas fué la 
causa de la cicatrizacién. Preséntanse otras pruebas del valor de la estrapto- 
micina intratecal. Hay que hacer un esfuerzo para llevar mayores concentraciones 
de estreptomicina a la médula oblongada, el puente de Varolio y el cerebro. 
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ALVEOLAR CELL TUMOR OF THE LUNG' 
MARTIN W. DAVIS ann THOMAS R. SIMON 
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INTRODUCTION 


Alveolar cell tumor of the lung is a rare tumor. In 1942, Neubuerger and Geever 
(1) found in the literature reports of 25 cases of unmistakable gross and micro- 
scopic evidence of alveolar cell tumor. Subsequently several additional cases have 
been reported. During the period of one year, 5 cases diagnosed by pathologists 
as alveolar cell tumor came to our attention. In retrospect there seem to have 
been some similarities in the clinical and radiologic findings in these cases. It is 
the purpose of this paper to summarize the clinical, radiologic, and pathologic 
findings in the hope of aiding in the future clinical diagnosis of this condition. 


CASE REPORTS 


Case 1 
Clinical Data 


A. H., afl 83-year-old white housewife, was admitted to the hospital on September 23, 
1946. She gave a history of shortness of breath, increased fatigue, and anorexia for three 
weeks. She had lost ‘“‘considerable’’ weight in the past month. She had had no pain, edema, 
cough, or expectoration. There was no family history of cancer. Examination revealed a 
poorly nourished woman with a rapid respiratory rate propped up in bed. The lungs were 
resonant to percussion, tactile fremitus was normal, the breath sounds were harsh vesicular, 
and no rales or rubs were heard. The heart was enlarged to the left, and the first sound was 
accentuated at the mitral area. The blood pressure was 110 systolic, 68 diastolic in mm. 
of mercury. 

Laboratory examination revealed a leukocyte count of 18,600 per cu. mm. with a shift to 
the left in the differential count. The erythrocyte count and hemoglobin concentration 
were normal. A urinalysis was negative. An electrocardiogram showed sinus tachycardia 
and evidence of myocardial damage, with low voltage and slurred QRS complexes but up- 
right T waves. A roentgenogram of the chest showed irregular, conglomerated areas of 
increased density involving the greater part of both lung fields, with some enlargement of 
the heart. These findings were interpreted as marked pulmonary congestion and edema. 
During her hospital stay the temperature varied from normal to 101°F., the pulse varied 
from 68 to 112 per minute, and the respiratory rate from 20 to 40 per minute. The patient 
was given oxygen by nasal tube and also received morphine. She became quite dyspneic 
and developed marked cyanosis in spite of oxygen therapy. Digitalis was administered 
but there was no improvement. She developed crepitant rales throughout both lung fields, 
most marked in the left lower lobe, and was then thought to have pneumonia, possibly of 
viral origin. She was given penicillin, oxygen under positive pressure, and coramine, 
but became rapidly worse and died. The clinical diagnosis was arteriosclerotic heart 
disease with pulmonary congestion and pneumonia, possibly of viral etiology. 


Autopsy 


Gross examination: There were dense adhesions at the apices of both lungs and approxi- 
mately 100 cc. of clear yellow fluid in each pleural cavity. The lungs felt nodular and resist- 

1 From the Departments of Medicine and Pathology, St. Louis University School of 
Medicine, St. Louis, Missouri. 
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Pia. 1. Case 1. Roentgenogram ot the chest. Irregular conglomerated areas of increased 
density involve the greater part of both lung fields. Interpreted as pulmonary congestion 


and edema 


lined bey cuboid il and low 


Fic. 2 Case | Photomicrograph of the lung. The ilveolh are 


columnar epithelial cells with large, round, hywperehromatic nue lei. Mitoses are frequent 


but mucous secretion is hot observe d 


A 
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ant to palpation throughout. The right lung weighed 910 gm. and the left, 920 gm On cut 


section, many grayish-white nodular areas were present from 2 mm. to S mm. in diameter, 
seattered diffusely throughout both lungs. The bronchi and peribronchial nodes st owed no 


evidence of involvement by tumor. No metastases were noted and no extrapulmonary focus 


of malignaney was found. The heart weighed 350 gm. The right side of the heart, partieu 


larly the atrium, was markedly dilated. There were sclerosis and ealeifieation of the mitral 


valve and arteriosclerosis of the aortie valve 

Vicroscopic examination: The usual alveolar lining cells of the lungs were replaced by 
cuboidal or low columnar epithelial cells with large, round hy perchromatie nuclei. Mitoses 
were frequent among these e¢ lls. A few multinucleated tumor giant cells were present 
There were frequent clumps of these epithelial cells lving free in dilated alveolar spaces 


Many me utrophils were also found nm the alveoli, and a few were scattered through the 
stroma. The stroma was fibrous and of medium density, and considerable black pigment was 


This appearance prevailed throughout all sections taken The bron 


secon some areas 
ehiolar « pit hee lium showed no neoplastic changes No lymphatics were seen to te invaded 


oe 


Roentgenogram of the chest. An infiltrative process is present through 


beth lungs with evst formation in some areas Interpreted as lung cyst with infection 


Case 2 
nical Data 


was admitted to the hospit i] on December 4, 145 


with loss of fifteen 


white female, 
f chronie cough and « xpectoration for two vears 


She gave a history o 
in irregular fever up to 


pounds ith We ight During the month before admission she h vl h ad 
her « \pectoration had beeome more profuse and she had had moderate 
Examination revealed a poorly nourished 


Ome brother had died of eanecer of the lung 
it the left base, but 


woman with slight evanosis. There was some impatrn nt of resonance 
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fremitus Was normal. There were wheezes throughout both lung fields and seattered crept 
tant and suberepitant rales, most marked in both bases posterior], 

Laboratory examination revealed a moderate anemia, a leukoeyvte count of 7150 per 
cu. mm.. and a shift to the left on the differential count. Urinalysis and Kahn test were 


negative. Total serum proteins and albumin-globulin ratio were normal. Several examina 


tions of sputum were negative for acid-fast bacilli and spirochetes. Roentgenographic ex 


amination of the chest was interpreted by the radiologist as showing an infiltrative process 
through both lungs with evst formation in some areas. The patient was treated with penicil 
lin injections ind aerosol penicillin She was discharged somewhat improved, with a diag- 


nosis Of primary atypical 


hia " 2. Photomicrograph of the lung. There is a cuboidal to high columnar 


epithelium lining the alveoli. The cells have active mucous secretion. The interalveolar 


septa are moderately thickened 


She was readmitted eight days later because of chills and fever. She was found to be 
acutely ill, markedly dyspneic and cyanotic, with some orthopnea. The percussion note was 
impaired over the left lower lobe posteriorly The breath sounds in this area were bronchial 
in character. Voeal fremitus was inereased over the left lower lobe posteriorly. There were 
coarse bubbling rales over both lung fields. The pulse was irregular. Laboratory examina 
tion again revealed a moderate anemia with a leukoeyte count of 4,100 per cu, mm., with 
: normal differential count \ roentgenogram of the chest showed an extension of the 
pheumonia on both sides with considerable involvement of the left: lower lobe by more 


chronic disease and consider ble involvement of the right upper obe by a new process This 
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was interpreted as lung evyst with infeetion. She was given penicillin by injection and Oxy 


! pulmeon edema vecurred ind iminophy tine was given 
During her 


gen. Several at icks © 
f. Digitalis was given, with no particular benefit 


venous! with some 
hospital stay her temperature vari d from 09° to 103.5°F., her pulse varied from 100 to 140 


per minute ind her respiration varie d from 22 to 48 per minute She died in an attack of 


final clinical diagnosis Was primary atypical pneumonts and pul 


pulmon iry ¢ clemin ‘1 he 


monary edema 


contaimed approximate ly 55 ce. ot 


Gross eramination: The right pleur ile 


reddish fluid. The pleur il envity showed | 
thoracie walls. In addition, the right pleura showed 


yominent whitish lymphaties and number of 
fibrous bands attaching the lungs to the 
white patehes under which the lung was contracted Both lungs together 


le tise 
lobes and about one-third of each upper lobe showed almost 


veighed 1500 gm. Both lower 
The right middle lobe was erepitant On cut surtace the consol 


Seattered ovet the consolidated areas particularly near the 
reas which showed a more Ww hitish color The bronehi and 


No metastases were noted. No primary focus of malig 


comple te consolidation 
dated areas were of gra) color 
pleural surface, were firmer a 
mediastinal nodes showed no tumor 
rant neopl sth Wis found outside of the lung 

The alveoli of the lungs were packed with an exudate of poly 


CYOSCOPLe raminatoon 
Practically all alveoli were 


and mononuclear leukoeytes and some fibrin 


lent 
jal to high columnar, which often formed 


lined by epithelium which varied from cuboir 


nto the lumina and which sometimes showed active mucous secretion 


papillary projections 
Phe interalveolar septa were moderate ly thiekened 


(ase 


Diata 


\ \ vent old white female 
« were a dull pain in the right chest for nine months and a we ight 


it a loeal hospital three months previously 


teacher, was first admitted to the heosput slon July 15 


chief complaint 
loss of five prnturiels She bad been hospitalized 

fluid had been removed from the right chest. There 
i had two episodes of diarrhes during 


one quart of clear had been noe com 


expectoration, or hemoptysis She hac 
ile | dullne as to percussion over the right lowe lobe 


plaint of cough 
the previous winter. Examination reve 
india frietion rub was heard in this area There were many 


t. Intereostal tenderness was found at the left lower chest 


fine rales posteriorly in the right 


ches The blood pressure Was 10 


evstolie. 65 diastolic in mm. of mercury, and the heart was normal 

Laboratory munation reve iled a normal ervthroevte eount leukoevte count of 
6.700 per eu. mm. and « normal differential count. Kahn test urinalysis, and stool exami 
nations were negative. The total serum proteins ind the albumin-globulin ratio were 


electroeardiogram Was torn Several examinations 


of sputum showed no 


normal An 
dilution of 1:20 


void fast and ne abnmorn Cold agglutinins were positive 
\ roentgenographie « mination of the chest revealed an infiltrative process in the right 
middle lobe. Bronchography revealed incomplete filling of the bronehial tree in the right 


miteldle lobe with the other mayer normal The findings were interpreted peal 
Broneho 


it middle lobe. possibly due to 


tial atelectasis of the m 

scope bon reve reddened mucosa whieh was edemateus beled easily There 
was seme seeretion from the right side but no tumor tissue wits seen. Hler temperature 
varied from normal to pulse from 6S to LOO per minute ind respirations trom lite 
per minute Phe poatvent vas discharged from the hospital witl her condition unchanged 
andl with diagnosis of at ype 


She was readmitted six weeks later (September pie compl ining of increasing right 


4 
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pleuritic chest pain. She had developed a constant hacking, nonproductive cough. On one 


oceasion she had expectorated a small amount of sputum slightly tinged with blood. She 
had gained about five pounds in weight ieXamination revealed some splinting of the right 
lower chest: breath sounds, voeal fremitus, and tactile fremitus were diminished over the 


sume area. Some inspiratory clicking rales were he ird in the right chest. A few cervical 


Ivmph nodes were palpable and the liver was palpable and te nder 


Laboratory examination gave results similar to those during her first admission. A right 


thoracentesis was done, and 60 ec. of serosanguineous fluid and « little air were removed 


Fig. 5. Case 3. Roentgenogram of the chest. There is an opacity of the right lung thought 


to be the result of atelectasis and fluid. Interpreted js bronchogenic carcinoma 


when the procedure had to be stopped because of a reaction to proeaime Culture of the 
chest fluidl vir lded no growth ind ne cancer cells were found im the fluid Two brom he 


scope sitions revealed an area of gr tissue at the middle lobe orifice which was 


friable and bled easily. Mieroscopic examination of biopsy specimens shows d chronic inflam 
of the lower right ches 


mation. A roentgenogram of the chest reveals d complete opacit 
below the level of the third rib anteriorly, thought to represent ateleetasis ind fluid. An 
At. The lung was 


exploratory thoracotomy Was done with removal of the sixth ribbon the rig 


found to be fixed and scarred, and eurtous sm iH granulations could be seen throughout the 


chest cavity over the surface of the lung and the pleural w ill itself. These granulations 


were firm and measured 1 to 2. mm. in diameter. A large amount of bloody fluid was found 
im the pleur il eavit doth pleur il surfaces were studded with small hard nodules. The 


f these nodules was strongly suggestive of miliary earemotma 


appearance of tosis, although 


_ 
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they differed from cancer nodules, especially in the fact that they were more gray than 


white. In view of the extensive infiltration of both surfaces ot the pleura with nodules, 1 Was 


obvious that « racke il i ration would accomplish nothing Moreover, operation would have 


been almost impossible to perform because of the marked distortion and scarring o! the 
hilus. Microscopie examination of a frozen section of tissue obtained by biopsy Was report d 
to reveal a granuloma of unknown nature The chest was closed. The preoperative diagnosis 
had been carcinoma ot the lung After further study ot the seetions made from the Drops 
specimen the postoperative diagnosis Was alveolar cell earemoma ot the lung Postopera 
tively, the patient was given nicillin injections, blood transfusions and plasma. She wets 
discharged from the hospital with her condition essentially unchanged. This patient died in 


July but ne autopsy Wits 


kia. t. ¢ %. Photomicrog: iph of t he lung The alveoli are bos low tall eolum 
nar epithelial et lis usually ina single laver but oeeasion ily in several lavers. Many otf the 


cells have active mucous seere tion 


Patholoau ramination of Bi psu Specimen 


Vn ‘ on ilveolar walls were lined by column ir epithelial cells 
ranging from low to ta land arranged usually ima single laver but oe sionally im several 
lavers. Many of these cells showed active mucous s cretion. The lumen contained serum ot 
mucts and moderate numbers of ytes. The stroma Was of moderate demsity 


infiltrated by Ivmphoeytes 


Clinical Data 


1 ¢ was 4a r old white housekeeper vimitted to the hosput ilon May 25, 


The « hief« omp!l were a cough produc tive of moderate amountseot whitish fo imy sputum 


Te 
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and dyspnea for one month. She also complained of night sweats, weakness, and fever to 


100°R. She had lost fifteen pounds in weight but had been on a reducing diet. Some palpita 


tions had been experi need. There was a family history of tuberculosis and possible ecuncer 
examination revealed a fairly well-nourished woman with limitation of eXpansion of the 
chest and with some dy spnea There was dullness to percussion over the right scapula, tac 
tile fremitus was increased over the right side posteriorly , the breath sounds were vesicular, 
ind there were coarse rales at the right apex. There was no clubbing of the distal phalanges 
or evanosis. The blood pressure was 126 systolic, SO diastolic in mm. of mereury. 
Laboratory examination reveal da leukoeyvte count of 13.700 per cu.mm., with a normal 
differential count and no anemia. Urinalysis was negative. Repeated blood counts were 


essentially the same as on admission. Three sedimentation rates were 78, 87, and 85 mm. pet 


Fie. 7 : Roent ge nogram of the chest. A mottled infiltration is present through 
out the entire right lung and a similar process in the upper portion of the left lung. Inter 
preted us lung infection, probably tuberculosis 


hour. Many sputum examinations were negative for acid fast bacilli, veast forms, Acti 
nemuyces, Tangs, and spirochetes. Examination of smears of sputum showed many pus cells, 
yram-negative bacilli, and gram negative Dip probably Vicrococeus catarrhalis 
Culture of sputum showed gram-negative bacilli and cocei. Agglutination tests on the 
patient's serum gave the following results: Paratyphoid B, positive 1:320; Typhoid (H), posi 
tive L:SO; others, including Proteus OXI9, negative. Blood cultures were sterile. Determina 
tions of serum proteins, albumin-globulin ratio, and blood calcium were normal. Roent 
genographic examination of the chest showed a mottled infiltration throughout the entire 
right lung, and « somewhat similar process took pl we in the upper portion of the left lung 
The heart was slightly enlarged It was thought that these infiltrations re prese nied some 
type of lung infeetion, probably tuberculosis 

The patient was given penicillin by injeetion and by aerosol. Nasal oxygen was given 


with some re lief. She yr sdually became evanotic the neck veins bee engorged and she 
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beeame lethargic Ort hope and tachypnes were observe d Loud moist rales beeame 
wudible throughout both lung fields, and the patient died in respiratory | tilure. During her 
hospital stay the temperature varied from normal to 100.2°F., respirations varied from 36 
to SO, and the pulse varied from St to LLO per minute The final clintes! diagnosis Was pul 


monary infection of undetermined etiology 


iph of the lung The alveoli are cubotdal-to 


chromatic epithelial cells, many of whieh are reuolated and have active 


vas found in either pleural eavity Phroughout both lungs 

ed nodules up to LO em. diameter Bronechi showed dark mu 
oribronchial nodes were large and black but showe dno tumer 

focus of malgnaney W is found outside of the lung 

In all sections taker throughout both lungs there were areas 

t} granulation tissur infiltrated bw tes plasma cells 
Phere was resultant satel ‘ of many of the alveoli 


sere lined bys flattenes wee vidal epithelial cells 


> “TN S ‘ 
hivper 
lutop 
V ‘ mentee 
ind 
areas. Many of the 
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of which were vacuolated. Other alveoli were lined by hyperchromatie, t ill, columnar cells, 
mins of which showed active mucous secretion Mitotic figures were rare There Was ho 


evidence of neoplasm of the major bronchi 
(‘ast 
Clinical Data 
kK. FE... a 78-vear-old white female housewife, was admitted to the hospital on August 6 
1046, and died August 7. 146. She had complained of a chest cold for two months. The 


dyspnea which she had had for two vears had greatly mere ised in the past two months 
and she began to notice ankle edema She also had developed a pain in the left ehest and 


Fie. Case 5. Photomicrograph of the lung. Anaplastic cells, usually cubordal in shape 
line the alveoli. The cells have seanty eytoplasm and large nuclei with 
frequent mitotie figures Many contain prominent muc leoli, Mucous secretion is not ob 


served 


upper abdomen. On several occasions the patient had expeetor sted blood. She had been 


viven digitalis, with some improvement, and had remained up indi about. There was no 
family history of eancer. Examination revealed a fairly well-nourished woman, appre hen 
sive and alert, in acute respiratory distress. The pharyvix wast ioderately engorged. The 
imnteroposterior diameter of the chest was inercased from the normal. There were engorgs 

ment of the neck veins and evanosts. Resonance is impaired on the left side, breath sounds 
were diminished on the left, and moist rales were heard at both trises poste riorly, more 
numerous on the left. The heart was enlarged to the left the sounds were of poor quslit 


The rhvthm was grossly irregular and was theraght ter be uricular fibrillation. The blood 
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pressure Was 120 systolic, 72 diastolic in mm. of mereury The liver was 2 em. below the right 


costal margin, but there was ho definite ankle edema. A leukoevte count was S200 per eu 
mm... with a slight shift to the left im the differential count. There was moderate anemic 
The urinalysis was negative. The patient was given morphine, digitalis, and oxygen by nasal 
tube, but rapidly beeame more dyspnete and died in acute respiratory failure, While in the 
hosput il her respiratvons vari d from 30 to 40) per minute her temperature trom to 
100° F., her pulse from SS to 6 per minute The final elinieal diagnosis was arteriosclerotie 


heart disease with e irdine failure 


(iross eramination There were 750 ce. of blood tinged fluicl im the left pleur il envity 
Many old fibrous adhesions were found between the pleural surfaces of the left lung and 
No adhesions or fluid were found in the right pleural eavity The lungs 
There were many fibrous band like adhesions hanging from the 
left lung were thickened 


the parietal pleura 
together weighed 720 gm 
pleural surfaces of the left lung. The entire pleural surtaces of the 
lett lung Was subere pitant with poate hy areas of firm consistence both lobes. On eut 
section the parenchyma was a dark re ddish-purple in color. There were many whitish gray 
treas seen around the bronehi and at the periphe rv of the lobes The pleur il surface of the 
right lung showed no adhesions The three lobes of the right lung had an ineressse d rubbers 
consistence. On cut section through the right lung, s¢ veral of the branches of the pulmo 
nary artery contain d blood clots which were adherent to the wall of the artery At the y™ 

rv of the lobes sever il dark red areas stood out from the reddish purple 


of the remainder of the lung The bronehi cont dned no tumer gro vth. No metastases were 


noted. No primary fecus of malignancy Was found outside of the lung 


Vicroscopic eramination The alveolar walls of the lungs were anapl istic cells 


usually cuboidal in shape and arrangs din single lavers. They had seanty 
bly in size. Many contamed prominent 


evtoplasm and 


large hvperehbromatie nue lei whieh varied considers 
nucleoli, Mitotic figures and 
lining cells were Lving loose within alveoli along with 
nmany areas the appearance Was that of organizing preumotita ith re pl wee 


multinucleated tumor grunt cells were common. Many of these 


ke 


i tew Ivmphoes tes and moneonucteat 


macrophages I 
ment of parenchyma by granulation tissue 1 which there were many lymphoeyvtes and 


rophiage 


AND 


Phe etiology of alveolar cell tumor ts as obseure as that of many other forms 


of neoplasm. Bonne (2) suggested a viral origin beeause of the morphologic 


to jaugziekte, au disease ol sheep in Which there ts pulmonary adenoma 


The latter disease occurs in epidemics, and trom the work of Dungal, 


Gislison, and Taylor (3) appears to be intecttous and communicable, although 


agent has not been demonstrated. In one of the patients we 


speeriic causative 
have studied, portions of lung removed at autopsy were preserved in glycerin, 
in isotonic saline, and the fluid inoculated intranasally and intra 
and cotton rats No lesions were produced 


rated 


erapially mice, rats 


There has been considerable debate concerning the very existence ol alveolar 


cell tumor, that is, tumor of mtr alveolar origin and growth, independent of 


the bronehial svstem. The basis for miu hoof this debate is the controversy over 


the nature of the cells bordering the alveoli in the lings of normal adults. Three 


views are held: first, that alveoli have a continuous epithelial lining; second, 


that alveoli have a discontinuous epithelial lining: third, that no true lining 


exists. but that occasional septal cells ot mesenchymal origin occur between the 
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capillaries. At present, the weight of opinion supports the third view. Those 
who believe in an epithelial alveolar lining readily accept the existence of the 
tumor and trace it to this epithelium. Those who deny the existence of an alveolar 
lining discard the possibility of alveolar cell tumors on that. basis. 

Summarizing the views concerning the specificity of the germ layers, Oppen- 
heimer (4) concluded that it is possible for mesenchymal cells to give rise to 
tumors with epithelial-like cellular elements. Herbut. (5) studied regenerating 
epithelium lining alveoli in cases of bronchiectasis by serial sections and con- 
cluded that the regenerated epithelium was derived from bronchiolar epithelium. 
The finding of mucin-producing columnar cells in some alveolar cell tumors 
favors origin from bronchiolar epithelium. Geever, Neubuerger, and Davis (6) 
and others have shown that epithelial-like lining cells are present in a variety 
of pathologie conditions, among which are viral pneumonia, lipoid pneumonia, 
tuberculosis, silicosis, and radiation injury. Bell (7) states that, in any disease 
which brings about marked thickening of the alveolar septa, the alveolar epi- 
thelium may undergo hyperplasia to form a continuous epithelial lining. From 
observation of transitional stages, he concluded that the epithelium forms locally 
and does not grow in from the bronchi. 

Similar tumors in animals appear to arise in alveolar cells. Grady and Stewart 
(8) induced multiple pulmonary tumors in mice by the subcutaneous injection 
of 1, 2, 5, 6-dibenzanthracene and methylcholanthrene. Practically all of these 
growths arose in the alveoli and not in the bronchi. Cowdry and Marsh (9) stud- 
ied a disease in sheep called jaagziekte, in which there is pulmonary adenomato- 
sis. They concluded that the proliferated cells arise from alveoli. 

The authors agree with many others who have thought that the distribution 
of the tumor cells in multiple foci lining alveoli, and without demonstrable con- 
tinuity with bronchiolar epithelium, argues for an alveolar origin of the growth. 
We believe that the cases described above showed tumors of multicentric origin 
because (/) we were able to demonstrate tumor cells in lymphatics in only 2 
cases, (2) it seems unlikely that lymphatic spread could reproduce the alveolar 
pattern in other parts of the lung, and (3) the possibility of spread by bronchiolar 
lumina has not been proved. 


PaTHOLOGIC ANATOMY 


Two gross forms of this tumor have been described, the multiple nodular and 
the diffuse. In the former, many tumor nodules, ranging up to approximately 
2.0 em. in diameter, are found more or less evenly distributed over both lungs. 
The intervening lung tissue sometimes exhibits varying degrees of inflammation, 
but it may be fairly intact. Four patients in our series exhibited lesions of this 
type. The diffuse form is characterized by involvement of a lobe or an entire 
lung on one or both sides. The gross picture simulates lobar pneumonia in the 
stage of gray hepatization. Case 2 of our series was of this diffuse type. 

Microscopically the two forms are identical. The tumor stroma is made up of 
the alveolar walls which show varying amounts of thickening by fibrous tissue. 
The alveolar walls are lined by nonciliated cuboidal or columnar cells, frequently 
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forming papillary protrusions into the alveoli. The cells show varying degrees 
of anaplasia and hyperchromatism. In some cases many of the cells exhibit 
bizarre forms. Mitotic figures may be fairly numerous but are usually rare. 
Many of the cells are seen lying free in alveoli. Mucinous sec ‘etion was noted in 
3 of our cases. 

In approximately half of the reported cases metastases were found. Some au- 
thors have used the term pulmonary adenomatosis to designate tumors of this 
tvpe which showed no metastases. We believe that both the metastasizing and 
nonmetastasizing forms are essentially similar. It is conceivable that some of the 
patients failed to develop metastases because of early death from respiratory 
failure. The short duration of symptoms in some of the patients in this series 
and in many of those previously reported gives some support to this possibility. 
Four of our patients exhibited no metastases. One (Case 4) had metastases to 
the pleura demonstrated at thoracotomy. An autopsy was not performed on this 
patient so we are unable to state what other metastases may have been present. 


SumMMARY OF CLINICAL AND Raprotocic Data 


To encounter 5 cases of this unusual disease in less than one year raises the 
question of whether this disease is more common than was previously realized 
or whether this represented a localized ‘‘epidemic.’’ There was apparently no 
contact among these patients, and they came from scattered areas in the city 
and neighboring parts of the state. 

All of the patients reported here were females. Their ages ranged from 57 to 
83 years with an average of 72 years. Only one patient in this series was less 
than 70 years of age. 

The disease was chronic but progressive in all 5 patients. Death occurred in 
an average of fifteen months from the onset of symptoms. The duration of life 
from the onset of symptoms varied from one to twenty-five months. One of these 
patients had a family history of cancer of the lung. The principal symptoms 
were cough, dyspnea, and expectoration of moderate amounts of whitish foamy 
or mucoid material. Pleuritic chest pain, weight loss, and slight fever were also 
common complaints. Two patients had orthopnea, one complained of anorexia, 
and one had had diarrhea. It is interesting to compare those symptoms with those 
listed by Neubuerger and Geever (1), who gave cough, hemoptysis, cyanosis, 
chest pain, pleural effusion, and signs of brain metastasis as the cardinal symp- 
toms of this disease. Individual patients in the present series showed all of these 
signs except those of brain metastasis. Only one patient had definite hemoptysis. 

Physical findings in the chest were highly variable. In general, abnormal signs 
were present bilaterally, although they were not sufficient to suggest as extensive 
a process as was revealed by the roentgenogram. Cyanosis was definite and 
marked at some stage in practically all patients. There was little or no clubbing 
of the fingers. Three of the patients had some associated heart disease, as might 
be expected in persons in this age group, and the presence of this factor tended 
to confuse the diagnosis. All of the patients periodically had a low-grade fever 
with mild tachycardia. The increase in respiratory rate was a striking phenome- 
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non, especially as a terminal event. These individuals apparently died in respira- 
tory failure with extreme cyanosis, in spite of administration of oxygen. Two pa- 
tients had a moderate increase in the leukocyte count, 3 had a shift to the left 
on the differential leukocyte count, and 2 had moderate anemia. The sedimenta- 
tion rate was found to be elevated in the one patient in which it was determined. 
Examinations of the sputum were invariably negative for any specific causative 
organisms. In only one patient was the sputum examined for malignant cells, 
and in this case the examination was negative. Total serum proteins and albumin- 
- globulin ratios were normal in 3 patients. One patient had a normal electro- 
cardiogram, in another the electrocardiogram showed evidence of myocardial 
damage manifested by low voltage QRS complexes and slurring of the QRS 
complexes, with upright T waves. Other laboratory examinations were essentially 
negative. 

Roentgenographic examination of the chest gave definite positive findings in 
every instance. Infiltration in the lung fields was described in every case, bilateral 
in all but one. The infiltrations were variously described as diffuse, fibrotic, mot- 
tled, nodular, conglomerate, and feathery. Tuberculosis and primary atypical 
pneumonia were the diagnoses most commonly suggested on the basis of the 
appearance of the chest roentgenograms. As a rule, tuberculosis could be virtually 
excluded by repeatedly negative examinations of sputum in the presence of 
obviously far advanced disease. Generally the process was more chronic, more 
severe, and more constantly progressive than primary atypical pneumonia. The 
infiltrations changed little over a long period of observation but pleural effu- 
sion was observed to occur in one case. 

These patients received a variety of therapeutic measures without apparent 
benefit from any. Oxygen therapy seemed to be only of temporary value in 
prolonging life. Intravenous injection of aminophylline seemed to be of some 
benefit for the severe terminal dyspnea in one patient. 


DIAGNOsIS 


At the present time a positive diagnosis of alveolar cell tumor can be made 
only by thoracotomy and biopsy of the lung as was done in Case 3. Cytologic 
studies of sputum may aid in making the diagnosis, although in one of the cases 
in this series this study was negative. Woolner and McDonald (10) have re- 
ported a case diagnosed through the aid of this method. In our experience, this 
condition has been mistaken most often for tuberculosis and primary atypical 
pneumonia. It should be possible to exclude tuberculosis on the basis of repeated 
negative examinations of sputum, and primary atypical pneumonia could be 
excluded because of the protracted progressive course. When these conditions 
have been ruled out, metastatic carcinoma (particularly of the lymphangitic 
type), Boeck’s sarcoid, pulmonary fibrosis, and pneumoconiosis must be 
considered. 

The authors believe that consideration of the usual clinical picture of this 
disease as exemplified by these cases may lead to its more frequent diagnosis 
during life. Study of the relationship of this tumor to infection and anoxemia 
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resulting from alveolar wall fibrosis may open interesting avenues in the study 
of the etiology of other malignant neoplasms. 


NOMENCLATURE 


There is great difference of opinion concerning the proper nomenclature of this 
disease and also concerning the pathologic criteria for its diagnosis. For example, 
Swan (11), in a recent report, has included only those cases in which the cells 
lining the alveoli are columnar and contain mucoid droplets. Only 3 of our 5 
cases satisfy this criterion. Cases | and 5 did not show mucous secretion. We 
feel, however, that it is unwise to make mucous secretion an essential feature of 
this diagnosis. 

Whatever position one may take concerning nomenclature, the fact remains 
that the cases reported here, as well as those previously reported by others, 
should be differentiated from more common types of pulmonary carcinoma for 
the following reasons: (/) They are diffuse or multicentric rather than localized 
in origin; (2) there is no discoverable primary focus; (3) there is no evidence of 
origin from bronchial epithelium; (4) the malignant cells line the alveoli; (5) 
death occurs from respiratory failure usually before metastasis has occurred; 
(6) in both involved and uninvolved areas there is fibrous thickening of alveolar 
walls, suggesting a preceding, organizing, interstitial pneumonia; (7) the pre- 
ponderance in males, characteristic of other types of carcinoma of the lung, is 
not seen; and (8) the problem of diagnosis and treatment is quite different from 
that involved in other types of pulmonary malignancy. 

Of the various names proposed for this condition, including pulmonary adeno- 
matosis and alveolar carcinoma, the term alveolar cell tumor seems preferable, 
since it is noncommital concerning the germ layer of origin and includes both 
metastasizing and non-metastasizing tumors of this type. 


SUMMARY 


Five cases of alveolar cell tumor of the lung are presented, and the clinical 
and pathologic features discussed. All of the cases in this series oecurred in fe- 
males. The average age was 72 vears and the average duration of life from the 
onset of symptoms was 15 months. 

The principal symptoms were dyspnea, cough, and expectoration of moderate 
amounts of whitish foamy or mucoid material, pleuritic chest pain, and weight 
loss. The physical findings included cyanosis, tachypnea, and low-grade fever. 
Alterations in breath sounds or percussion note, together with rales on both 
sides of the chest, were usually noted. Laboratory studies revealed a mild anemia 
and an elevated leukocyte count with a shift to the left in the differential count 
in approximately half of the cases. Examinations of sputum were entirely nega- 
tive, but in only one case was the sputum examined for malignant cells. 

Roentgenographic examination of the chest seemed in retrospect to be the 
most valuable diagnostic measure in this disease. The films were most frequently 
misinterpreted as tuberculosis or primary atypical pneumonia, the former being 
ruled out by the absence of tubercle bacilli in the sputum and the latter by the 
protracted downhill course. 

At present the only method of exact diagnosis of alveolar cell tumor is by 
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thoracotomy and removal of a biopsy specimen for microscopic examination. 
Presumptive diagnosis may be made on the basis of cytologic study of the 
sputum. 


SUMARIO 
Tumor Alveolocelular del Pulmén 


Al presentar 5 casos de tumor alveolocelular del pulmén, disctitense las carac- 
teristicas clinicas y patolégicas. Todos los casos de esta serie fueron en mujeres. 
La edad promediaba 72 afios y la duracién de los sintomas desde la iniciacién 
hasta la muerte promedié quince meses. 

Los principales sintomas consistieron en disnea, tos, expectoracién de cantida- 
des moderadas de una sustancia blancuzca espumosa o mucoidea, dolor pleuri- 
tico en el térax y pérdida de peso. Los hallazgos fisicos comprendieron cianosis, 
taquipnea y febricula. Por lo general, notdése alteracién de los ruidos respiratorios 
o del timbre de percusién, con algunos estertores en ambos lados del térax. Los 
estudios de laboratorio indicaron existencia de anemia leve y de hiperleucocitosis 
con desviacién hacia la izquierda aproximadamente en la mitad de los casos. 
Los examenes del esputo resultaron absolutamente negativos, pero sélo en un 
case se busearon células malignas en el mismo. 

kl] examen radiografico del t6érax parecié restrospectivamente constituir la 
providencia mas valiosa de diagnéstico para dicho estado. Las radiografias fueron 
con suma frecuencia interpretadas erréneamente como tuberculosis 0 neumonfa 


atipica de etiologia viral, excluyendo la primera la ausencia de bacilos tuberculo- 
sos en el esputo y la segunda la prolongada evolucién y agravacion. 

Por ahora, el inico método para hacer el diagnéstico acertado de dicho estado 
es por medio de la toracotomia y la obtencién de un ejemplar de biopsia. Puede 
hacerse el diagnéstico presuntivo a base del estudio citolégico del esputo. 
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AN EVALUATION OF CERTAIN DOSAGE FORMS OF PARA- 
AMINOSALICYLIC ACID (PAS)! 


WILLIAM P. BOGER anp FORREST W. PITTS 
(Received for publication May 12, 1950) 


INTRODUCTION 


The use of para-aminosalicylic acid (PAS) in the therapy of tuberculosis repre- 
sents a step forward in the chemotherapy of this disease. Acceptance of this 
relatively new agent has been based upon its inhibitory effects on tubercle 
bacilli (1, 2, 3), on the results of treatment of experimentally produced tubercu- 
losis in laboratory animals (4), and on the confirmation of the initial favorable 
clinical reports (5, 6) by an increasing number of investigators. An excellent re- 
view of the extensive literature on the use of para-aminosalicylic acid in tuber- 
culosis has recently been published (7). A major difficulty in the clinical applica- 
tion of PAS has been the almost universal observation that doses in excess of 8 
to 12 gm. per day induce nausea and vomiting in a majority of patients. These 
symptoms make it nearly impossible to employ the daily doses of 20 to 24 gm. 
that have been recommended (6, 8). Attention has been called to the fact that 
the physical characteristics of the form in which the drug is administered may 
have a bearing on this point, the hydrochloride being more irritating than the 
free base and the free base being more irritating than the sodium salt of PAS. 

Data on the plasma concentrations of PAS resulting from various treatment 
schedules should make possible more purposeful use of the drug and more accu- 
rate interpretations of clinical results observed following various regimens of 
therapy. Little information is available to provide correlation of the clinical 
course of tuberculosis treated with PAS and the plasma concentrations of PAS 
achieved with the particular dosage employed. It seems reasonable to strive for 
plasma concentrations of PAS in excess of the in vitro sensitivity of the tubercle 
bacillus, although the degree to which it is desirable to achieve high PAS con- 
centrations in the plasma and the best means of attaining them have not been 
made clear. Attainment of higher plasma concentrations of PAS by the use of 
the free acid of PAS is difficult because of the gastrointestinal symptoms caused 
by large doses of the drug and, although the sodium salt of PAS is better toler- 
ated, the observation has been made that the drug administered in this form is 
more rapidly excreted (9). In view of the lack of comparative data, the present 
study was undertaken to compare the plasma concentrations of PAS resulting 
from administration of the drug in the form of the free acid with those obtained 
with the sodium salt. 


Methods of Study 
The patients studied in this investigation had active pulmonary tuberculosis but were 
otherwise in good physical condition. Microscopic examinations of the urine sediment, 
! From the Philadelphia General Hospital, Philadelphia, Pennsylvania. 
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Fishberg concentration tests, and phenolsulfonphthalein excretion tests were performed 
to determine freedom from obvious renal dysfunction. PAS was administered orally in 
all instances, and plasma concentrations of PAS were determined by the method of Way 
(10). For the purposes of study the patients were divided into two groups, to one of 
which were administered single doses and the other, repeated doses of PAS. 


RESULTS 


Single doses: Oral doses of 2, 4, 6, and 8 gm. of the sodium salt of PAS in 
aqueous solution® were administered as single doses to groups of 5, 12, 5, and 6 
patients, respectively. A group of 9 patients received a single dose of 4 gm. of the 
free acid in tablet form’. Blood samples for determinations of plasma PAS were 
obtained at one-half, two, four, six, and eight hours following the administration 
of each test dose of PAS. In this series of patients receiving single oral doses of 
drug, 185 PAS plasma determinations were performed. The values obtained fol- 
lowing single doses of the sodium salt are shown in figure |. In figure 2 are shown 
the plasma concentrations resulting from equivalent doses of the free acid and 
the sodium salt of PAS. 

The majority of patients in this series tolerated single doses of 8 gm. of the 
sodium salt without developing irritability of the gastrointestinal tract. Only an 
exceptional patient, however, could tolerate more than 4 gm. of the free acid 
as a single dose. The plasma concentrations observed after 4 gm. of PAS ad- 
ministered in the two forms (figure 2) clearly indicate that the gastrointestinal 
disturbance could not be correlated with the plasma concentrations of the drug. 

Repeated doses: During a series of study periods (none less than forty-eight 
hours), a group of 6 patients received: (a) 2 gm. of free acid every three hours, 
(b) 3 gm. of free acid every three hours, (c) 2 gm. of sodium PAS every three 
hours, and (d) 3 gm. of sodium PAS every three hours. Blood samples were ob- 
tained one-half, one and one-half, and three hours after the test dose of PAS, and 
plasma concentrations were determined. A total of 179 determinations were done 
during a period of study representing 209 patient-days of PAS therapy. The 
results are recorded in figure 3. 

Most patients can tolerate between 8 and 12 gm. of PAS in the form of the 
free acid when administered in divided doses, but the range of dosage with so- 
dium salt has been 12 to 24 gm. when administered to the same patients. While 
there may be individual exceptions to these arbitrary figures, the majority of 
the patients were able to tolerate 2 to 5 gm. per day more PAS in the form of the 
sodium salt than when the free acid was administered. 

Renal excretion: Urinary recoveries of PAS over periods of six hours after 
single doses and over the twenty-four-hour period when repeated doses were 
administered are presented in figure 4. It is generally stated that from 40 to 60 


? The authors are indebted to Sharp & Dohme, inc. for supplies of Propasa, effervescent 
tablets of PAS. Each tablet contains 1 gm. of PAS as the free acid and a quantity of sodium 
bicarbonate sufficient to convert the acid to the sodium salt when the tablet is added to 
15 to 30 ml. of water shortly before administration. 

* Pamisy! tablets of PAS, each containing 0.3 gm. of PAS, were generously supplied by 
Parke, Davis & Company. 


BOGER AND PITTS 


2G6MS NaPéS 
AVERAGE CURVE OF 
5 PATIENTS 


4 CMS No PAS 
AVERAGE CURVE OF 
12 PATIENTS 


6 GMS No PAS 
——— AVERAGE CURVE OF 
6 PATIENTS 


8 GMS No PAS 
AVERAGE CURVE OF 
6 PATIENTS 


PAS PLASMA CONCENTRATION MG/IOOML 


T T T 
2 3 a 5 7 
HOURS 
. PAS plasma concentrations after single doses of sodium salt offPAS 


= No PAS 
AVERAGE CURVE OF 12 
PATIENTS 


8 Pas 

mmmnAVERAGE CURVE OF 9 
PATIENTS 


5- 


DRUG ADMINISTERED 


T T T T 
2 3 4 


HOURS 


PAS PLASMA CONCENTRATION MG /IOO ML 
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per cent of an orally administered dose of PAS is recovered in the urine. The 
average recoveries as observed in these experiments were in agreement (figure 4). 
Attention is called, however, to the recoveries as observed in one patient (W. W.) 
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Fig. 3. PAS plasma concentration following administration of free base and sodium 
salt of PAS in continuous dosage. 
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during four twenty-four-hour periods, 20, 23, 15, and 23 per cent, respectively ; 
and in patient M. K., on two occasions, 23 and 30 per cent. These recoveries, re- 
peatedly observed in the same persons, stand in sharp contrast to recoveries of 
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58 and 68 per cent in other patients. It is our belief that the metabolism of PAS 
by different individuals may be strikingly different, and this variability empha- 
sizes the need for fuller understanding of the metabolism of PAS in the human 
body. The degree to which individual handling of the drug may influence its 
therapeutic effectiveness is unknown, but it seems to be an important question. 


DISCUSSION 


The optimal dosage of PAS in tuberculosis therapy has not been established. 
It is probable that individualization of therapy is desirable in view of the varia- 
bility in: (a) the sensitivity of strains of tubercle bacilli, (b) the type of tubercu- 
lous lesion under treatment, (c) the rate of development of resistance to PAS, 
and (d) the quantity of PAS that can be tolerated without untoward symptoms. 
Although some strains of tubercle bacilli not previously exposed to the effects of 
PAS are inhibited by concentrations of PAS as low as 0.015 mg. per 100 ml., as 
much as 1.53 mg. per 100 ml. has been required to inhibit the growth of all 
strains tested (2). Thus, it seems likely that the plasma concentrations ranging 
from 2 to 7 mg. per 100 ml. that are attained when 10 to 14 gm. of PAS are ad- 
ministered daily are capable of inhibiting the growth of tubercle bacilli (12), 
(figure 3). The likelihood that this assumption is correct is increased by the fact 
that dilutions of blood plasma as high as 1:50 obtained at intervals up to four 
hours after the oral administration of 2 and 4 gm. of PAS are capable of inhibiting 
the growth of tubercle bacilli (13). Despite these demonstrations that tubercle 
bacilli are sensitive to low concentrations of PAS such as are attained by the 
doses of PAS commonly prescribed, it must be emphasized that plasma concen- 
trations are only an indirect indication of the concentrations that obtain at the 
actual sites of tuberculous infection. 

The therapeutic index of PAS is high and no serious complications have been 
reported from its use in man. The quantity that can be administered orally is 
determined by the amount of drug a patient is able to tolerate without gastroin- 
testinal symptoms. The symptoms of anorexia, nausea, vomiting, and diarrhea 
are probably attributable in large part to the physical properties of the form of 
PAS that is employed. That PAS produces symptoms by reason of local gastro- 
intestinal irritation is substantiated by studies in which massive doses of PAS 
have been administered intravenously for periods up to six weeks, without the 
development of gastrointestinal symptoms even though plasma concentrations 
reached 40 mg. per 100 ml. (15). These observations are in accord with our own 
findings, namely, that there was no correlation between plasma concentration 
of PAS and untoward gastrointestinal symptoms. 

Aside from the decreased irritability of the gastrointestinal tract when the 
sodium salt of PAS was employed, the sodium salt was both more rapidly ab- 
sorbed and more rapidly excreted (figures 2 and 3). There was a progressive 
increase in the peak concentration of PAS obtained in the plasma with increas- 
ing doses of the sodium salt, but there was not a commensurate prolongation of 
detectable concentrations in the plasma (figure 1). The difference in pattern of 
the plasma concentrations of PAS when the free acid and the sodium salt are 
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administered is great when single doses are compared (figure 2), but when re- 
peated doses are administered there is little difference in the resulting plasma 
concentrations (figure 3). The similarity of the plasma concentrations parallels 
the urinary recoveries of PAS which are approximately equal whether the sodium 
salt or the free acid is administered (figure 4). The curves in figure 3 represent 
the averages of the same 6 patients on the different dosage schedules and it 
should be stated that great difficulty was encountered in finding 6 patients who 
were able to tolerate 24 gm. per day of the free acid for the purpose of making 
these comparisons. Another point of interest is the fact that all blood samples 
were drawn after the 9 a.m. medication and it is clear that the omission of the 
3 a.m. and 6 a.m. doses of drug is reflected in the much lower plasma concentra- 
tions observed the following morning. 

It seems reasonable to suggest that PAS distributes itself in the tissues by 
diffusion and that, therefore, an increase in PAS plasma concentrations will give 
rise to relative increases in the tissue concentration of PAS. The emergence of 
PAS-resistant strains of tubercle bacilli (14) indicates the desirability of attain- 
ing maximal plasma concentrations of the chemotherapeutic agent from the 
beginning of therapy. Perhaps by the attainment of high plasma concentrations 
the tissue concentrations of PAS will be increased, the therapeutic effectiveness 
may be increased, and the likelihood of the emergence of PAS-resistant strains of 
organisms lessened. 

Attainment of higher plasma concentrations has been limited by the fact that 
the free acid cannot be administered in doses larger than 8 to 12 gm. per day 
and, although the sodium salt gives rise to higher plasma concentrations, the 
drug is excreted rapidly. Thus, there would appear to be a place in therapy for 
an agent capable of increasing plasma concentrations of PAS by retarding the 
rate of its elimination. It has been observed that carinamide is capable of in- 
creasing PAS plasma concentrations in the plasma by two- to four-fold (16, 17, 
18). Unfortunately, this observation is of little practical importance, since the 
large dose of carinamide required to produce this effect (24 gm. per day) pro- 
duces nausea and vomiting in approximately 15 per cent of patients (19). An- 
other compound, p-(di-n-propylsulfamyl)-benzoic acid, Benemid*, that appears 
to be nontoxic and orally effective has been found to increase plasma concentra- 
tions of PAS by two- to four-fold when administered in a daily dose of 2 gm. (19, 
20). It seems practical, therefore, to attain high plasma concentrations of PAS 
by the combined use of sodium PAS and Benemid and to explore the therapeutic 
possibilities of the resulting high plasma concentrations of PAS. 


SUMMARY 


Patients with tuberculosis were given single doses of PAS in the form of the 
sodium salt and the free acid. Plasma concentrations of PAS resulting from the 
administration of 2, 4, 6, and 8 gm. of sodium salt are presented and a compari- 
son made in the same patients between the concentrations resulting from 4 gm. 


‘ Benemid is the Sharp & Dohme, Inc. trademark for p-(di-n-propylsulfamy]) -benzoic 
acid. This compound hes been assigned tentatively the chemical designation, “‘probenecid.’’ 
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of the sodium salt and 4 gm. of the free acid. The plasma concentrations follow- 
ing repeated doses of 2 and 3 gm. of both the sodium salt and the free acid of 
PAS have also been compared. Whereas the sodium salt gives rise initially to 
higher plasma concentrations, the concentrations fall faster than those after the 
administration of the free acid. From the standpoint of maintaining plasma 
concentrations of PAS, the omission of the night doses of PAS is disadvantageous. 
The urinary recoveries of free acid and the sodium salt of PAS are approxi- 
mately equal. The sodium salt of PAS has the advantage over the free acid of 
giving higher plasma concentrations and causing fewer gastrointestinal symp- 
toms. 


SUMARIO 


Justipreciactén de Ctertas Formas Posolégicas del Acido Para-Amino-salictlico 
(PAS) 


Dosis aisladas de PAS, en forma de la sal sédica y del Acido libre, fueron admi- 
nistradas a tuberculosos. Preséntanse las concentraciones de PAS obtenidas en el 
plasma con la administracién de 2, 4, 6 y 8 gm. de la sal sédica, y se comparan las 
debidas a 4 gm. de la sal sédica con las obtenidas con la administracién a los 
mismos enfermos de 4 gm. del Acido libre. Compardronse las concentraciones 
plasmaticas consecutivas a dosis repetidas de 2 y 3 gm. tanto de la sal sédica como 
del Acido libre de PAS. Mientras que la sal sédica evoca inicialmente concentra- 
ciones mas elevadas en el plasma, éstas descienden con mayor rapidez que las 
consecutivas a la administracién del acido libre. En lo tocante a mantener con- 
centraciones de PAS en el plasma, la omisidén de las dosis nocturnas resulta 


desventajosa. Las cantidades del acido libre v de la sal sédica del PAS obteni 
das de la orina son aproximademente iguales. La sal sédica del PAS posee sobre 
el acido libre la ventaja de crear concentraciones plasmaticas mas altas v de ser 
mejor tolerada con respecto a provocar sintomas gastrointestinales. 
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INTRODUCTION 


Investigations of the effects of various sulfone derivatives in the chemotherapy 
of tuberculosis were begun in 1938. Certain of these agents, 4,4’-diaminodi- 
phenylsulfone, and its derivatives, sodium p, p’-diaminodiphenylsulfone-N , N’- 
didextrose sulfonate (Promin) and disodium formaldehyde sulfoxylate diamino- 
diphenylsulfone (Diasone), were found to exert a definitely favorable influence 
on the course of experimental tuberculosis in the guinea pig in a significant 
percentage of trials (1-8). The toxicity of these compounds, however, particu- 
larly those of hematoxie nature, and the small range between therapeutic and 
toxic dosage soon limited their use in human tuberculosis (9, 10, 11). With the 
synthesis of 4,2’-diamino-diphenyl-5’-thiazolesulfone (Promizole) in 1942 by 
Bambas (12), a sulfone derivative was made available which exhibited minimal 
toxity for humans and which had therapeutic effects upon guinea pig tuberculo- 
sis comparable to those cbtained with Promin and Diasone (3). 

In 1944 Promizole was used on the Children’s Medical Service of Bellevue 
Hospital in the treatment of 5 children with miliary tuberculosis (15, 17). The 
apparent cure of 3 of these children gave evidence of the effectiveness of the drug 
in human tuberculosis. Promizole was used alone until streptomycin was intro- 
duced, at which time the two agents were used in the treatment of all cases of 
miliary tuberculosis and tuberculous meningitis as well as in selected cases of 
other types of tuberculous infection. The clinical results obtained by Lincoln 
and her associates are reported elsewhere (16, 17, 18). 

In the original report on the clinical administration of Promizole by Hinshaw, 
Feldman, and Pfuetze (14), it was stated that “there are inconsistencies in the 
results obtained in studies on blood concentration which we have not yet ex- 
plained to our satisfaction.”’ In the attempt to achieve Promizole blood levels of 
2 to 3 mg. per 100 ce., as suggested by the animal experiments of Feldman, Hin- 
shaw, and Mann (13), these inconsistencies soon became apparent to us as well. 
The marked variability observed in the relationship between the dosage admin- 
istered and the blood levels obtained appeared to be independent of age, sex, 
weight, and type of disease. From the numerous inquiries we have received it is 
evident that these discrepancies are causing concern among other groups working 

' From the Chest Clinic of the Children’s Medical Service, Bellevue Hospital, New York 
City, and the Department of Pediatrics, New York University-Bellevue Medical Center. 
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with the drug. It seemed advisable, therefore, to present at this time the results 
of certain investigations on the pharmacologic properties of Promizole which 
have a bearing on this problem. 


Materials and Methods 


Promizole, the trade name for 4,2’-diamino-dipheny]-5’-thiazolesulfone, has a molecu- 
lar weight of 255. It is soluble in water to the extent of 30 to 40 mg. per 100 cc. at pH 6.5, 
temperature of 28° to 30° C. It is readily soluble in dilute acids, acetone and 70 per cent 
ethyl alcohol, while moderately soluble in absolute alcohol, ethyl acetate, and ether. 
Promizole is supplied in tablets of 0.5 gm. 

The drug was administered on the ward of the Childrens’ Chest Service of Bellevue 
Hospital to patients who had tuberculous meningitis, miliary and certain other forms of 
progressive tuberculous disease. The ages varied from six months to twelve years. In some 
instances the drug was administered to nontuberculous convalescent children. The dosages 
employed are noted below. 

The drug was administered in tablet form to the older children, while for the infants the 
tablets were crushed and suspended in water to which sugar was added as flavoring. 
Specimens of blood were taken regularly at an interval of two to three hours after the ad- 
ministration of Promizole. Promizole concentrations in blood, urine, and stool were 
determined by the method of Bratton and Marshall (19). 


Method of Determination of Promizole in Body Fluids 


Reagents: Trichloroacetic acid—15 per cent. Sodium nitrite—0.1 per cent (prepared 
freshly). Ammonium sulfamate—0.5 per cent N (I Naphthyl) ethylerie-diamine dihydrochlo- 
ride (Eastman Kodak Co.)—0).1 per cent in aqueous solution stable to approximately two 
weeks when kept in dark bottle. 

Standard: 100 mg. dried crystalline Promizole were dissolved in 100 cc. distilled water 
to which 1 ec. concentrated hydrochloric acid had been added. (The drug administered for 
medications cannot be used as a substitute for crystalline Promizole.) Heating slightly 
aided solution. When cool, the solution was diluted to one liter. This solution was stable 
when stored in a refrigerator. A working standard was prepared by diluting 10 ec. stock 
standard to 100 cc. with distilled water. 

Method: Free Promizole: To 7.5 cc. distilled water were added 0.5 cc. of plasma and 2 cc. 
of 15 per cent trichloroacetic acid, allowed to stand ten minutes, and then filtered. 

To 5cc. of filtrate was added 0.5 ml. of sodium nitrite, mixed well, and allowed to stand 
three minutes; 0.5 ml. of 0.5 per cent ammonium sulfamate was added, mixed well, and al- 
lowed to stand two minutes. Finally 0.5 ml. of N (I Naphthy!) ethylene-diamine dihydro- 
chloride was added as the color indicator. 

A test reading for comparison was prepared by using 1 cc. of the dilute Promizole stand- 
ard and adding to it 1 ec. of 15 per cent trichloroacetic acid and 3 cc. of water. It was then 
treated in the same manner as the plasma filtrates. A suitable concentration was .01 mg. 
per ce. 

A reagent blank was prepared by adding 1 cc. of 15 per cent trichloroacetic acid to 4 ec. 
of water and treated as the plasma filtrates. The solutions were then read in a Klett -Somer- 
son photoelectric colorimeter against the reagent blank set at zero, using a filter trans- 
mitting 540 microns. 

Total Promizole (free and acetylated): 5 ec. of filtrate were placed in a boiling water bath 
for one hour. After cooling, the water lost by evaporation was replaced and filtrate was 
treated as for free Promizole. 

Cerebrospinal and pleural fluids were analyzed in the same manner as plasma. If the 
colorimeter readings were too low, the amount of fluid used was increased. 
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Stool: A total 24-hour specimen was mixed thoroughly in about 200 cc. of 95 per cent 
alcohol. One ec. of concentrated hydrochloric acid was added and the mixture was diluted 
to 300 ec. with 95 per cent alcohol; 10 ec. of the mixture were withdrawn and centrifuged at 
high speed. The supernatant fluid was suitably diluted 1:10, 1:25, 1:50, 1:100 and treated 
in the same manner as for blood plasma determinations. 

Urine: The specimen was suitably diluted with distilled water as described above and 
treated as for the determination of blood plasma level. 


RESULTS 


In table 1 are listed a random series of determinations of concentrations of 
Promizole in the blood of patients with tuberculosis under treatment with this 


TABLE 1 
Concentrations of Promizole in the Blood of Patients Receiving Various Oral Dosages 


| ! DAILY DOSE OF 


| PROMIZOLE | AVERAGE 
| WEIGHT __. | CONCENTRATION DIAGNOSIS 


Gm. per IN BLOOD 
kg. 


Total gm. 
kilograms years mg. per 100 cc. | 
1.5 | Miliary TB 
12.5 3 ‘ | Miliary TB, Potts disease 
14.5 3. | Tuberculous meningitis 
10.9 *. oO | 0. : | Progressive primary TB 
with cavitation 
i 3. | Miliary 
9. | Miliary TB; meningitis 
14. ; Progressive primary TB 
with cavitation 
| Progressive primary TB 
| with cavitation 
Meningitis 
Meningitis and calcifica- 
tions in lung 
| Chronic pulmonary TB 
Meningitis 
| Meningitis 
| Chronic pulmonary TB 
Meningitis and calcifica- 
tions in lung 
Meningitis 


drug. Data such as these serve to emphasize the marked variations among in- 
dividuals in the concentrations of Promizole in the blood in relation to the oral 
dosage administered. 


ABSORPTION OF PROMIZOLE FROM THE GASTROINTESTINAL TRACT 
Four children under treatment with Promizole for tuberculosis were taken 
off the drug until none could be detected in blood, urme, or stool. Each of the 
children was then given 0.08 gm. of Promizole per kg. of body weight in a single 
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dose. The same dose was administered to 3 normal children who had never before 
received the drug. All stools were collected until Promizole could no longer be 
detected, and the recovery of the Promizole determined. The results are shown 
in table 2. It may be seen that in both normal subjects and tuberculous patients 
absorption of the drug from the gastrointestinal tract was fairly complete. De- 
spite the limited solubility of the drug, absorption after oral administration 
ranged from 86 per cent to 98.6 per cent. 


TABLE 2 
Absorption of Promizole from Gastrointestinal Tract 


| 
RECOVERED IN STOOL | PERCENTAGE OF DOSE 
SUBJECT | ORAL DOSE (GM.) (cm.) | ABSORBED 


Patients with tuberculosis: 


98.6 


Similar doses of Promizole, suspended in acacia, were given to 2 patients 
by retention enema. No Promizole was detectable in specimens of blood taken 
subsequently, indicating that the drug is not absorbed from the lower bowel. 


CONCENTRATIONS OF PROMIZOLE IN THE BLOOD AFTER ORAL 
ADMINISTRATION 


Single Doses 


As mentioned previously, marked variability was encountered in the dose of 
Promizole required to attain concentrations in the blood of 2 to 3 mg. per 100 
cc. To investigate this phenomenon, the concentrations in the blood levels were 
studied under a variety of conditions. 

In figure | are presented observations of the concentrations of Promizole in 
the blood of healthy, nontuberculous children given varying amounts of Prom- 
izole in a single dose. It may be seen that no predictable relationship exists 
between the amount of drug administered, the peak concentrations attained in 
the blood, and the concentration persisting at the end of eight hours. In general, 
the highest concentration peak level was found two to four hours following 
administration of the drug. 

In figure 2 are graphically presented the blood concentrations in the 4 tuber- 
culous children mentioned above, each of whom received a single dose of Prom- 
izole, 0.08 gm. per kg. These variations demonstrate clearly the tremendous 
variation in blood concenirat‘on obtained after comparable dosage and the com- 


W.S. 0.75 .069 64 | | 
R. K. 2.0 234 88 
o. ¥. 1.5 | 5 92 
R. A. 1.0 .138 86 
Normal children: | 
D. O. | 3.5 | 275 86 
W. P. 3.25 335 90 i 
V.H. 3.5 .051 | 
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plete lack of correlation between dose and blood concentration. At the end of 
twenty-four hours, patients R. A. and W. S. had blood concentrations which 


0.03 GM/KG 
0.04 GM/KG 
0.03 GM/KG 
0.05 GM/KG 
0.07 GM/KG 


MGM PER 100 CC. PROMIZOLE 


ra 3 4 5 6 
TIME IN HOURS 


Fig. 1. Blood concentrations of Promizole in norma! children on varying doses 


TUBERCULOUS 
NORMAL 


MGM PER IOO CC. PROMIZOL 


TIME IN HOURS 


Fig. 2. Blood concentrations on 4 children with tuberculosis receiving 0.08 gm. per kg. 
in a single dose as compared with 3 normal children. 


were higher than the maximum attained by the other 2 patients at any time dur- 
ing the entire twenty-four-hour period. In addition, the latter 2 patients (R. K. 
and O. V.) at no time attained blood concentrations considered to be therapeu- 
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tically optimal, while W. S. maintained a desirable concentration for twelve 
hours, and R. A. for twenty-four hours, following a single dose. It should be 
emphasized that these patients had been maintained on Promizole for long per- 
iods of time prior to the present experiment, so that these curves may not be 
considered comparable to those of normal children, due to the possibility of 
varying amounts of tissue saturation in the former. This comparison may be 
seen in figure 2 which also illustrates the values obtained in 3 normal children 
also given 0.08 gm. per kg. of Promizole in single doses. 


Repeated Doses 
In figure 3 are shown concentrations of Promizole in the blood of 5 tubercu- 
lous children receiving maintenance doses of Promizole every five hours designed 
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2 3 4 5 
TIME IN HOURS 
Fic. 3. Promizole blood concentrations in patients with tuberculosis maintained on 
varying doses given every six hours. 


to achieve blood concentrations of 2 to 3 mg. per 100 cc., the drug being admin- 
istered at five hourly intervals. The curves shown represent the values obtained 
following one-fourth of the daily dose. It may be seen that patient A, while 
receiving the highest dose, attained the lowest peak blood concentration. In 
contrast, patient B, who received the lowest dose, reached and maintained the 
highest blood concentration of all 5 patients. Moreover, even at six hours, in 
patient D the concentration of Promizole in the blood was much higher than 
the peak attained in any of the other 4 children. 

In figure 4 are shown graphs of the determinations made in 6 tuberculous 
children maintained on varying daily amounts of Promizole divided into two 
doses given at twelve-hour intervals. It is again evident that certain of the pa- 
tients (D. and F.) were able to maintain high blood concentrations on very 
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small doses for as long as twelve hours following a dose. It is of interest that these 
children demonstrate a fairly flat curve for the twelve-hour period and exhibit 
a negligible rise following the next dose of the drug. In contrast, those children 


A 0.248 GM/KG 
B 0.177 GM/KG 
0.110 GM/KG 
on D 0,0406M/KG 
E 0.046GM/KG 
F 0.034GM/KG 
= 
=o 
2 
= 
a 
= 
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Fic. 4. Promizole blood concentrations in patients with tuberculosis maintained on 


varying doses given every twelve hours. 
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Fie. 5. Cerebrospinal fluid and blood Promizole concentrations in tuberculous menin- 


gitis 


requiring larger doses to attain concentrations in the therapeutic range exhibit 
a more definite rise following the dose but maintain adequate levels for only 


short intervals 
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DISTRIBUTION OF PROMIZOLE IN OTHER BODY FLUIDS 
Cerebrospinal Fluid 


Simultaneous blood and cerebrospinal fluid concentrations were determined 
in 12 patients with tuberculous meningitis. The number of determinations per 
patient ranged from 1 to 14. Averages of these determinations are shown in 
figure 5. The concentrations in the cerebrospinal fluid range from 18 to 24 per 
cent of those in the blood. Only in the 2 children with the very high blood con- 
centrations of 8.16 and 7.03 mg. per 100 ec., respectively, were cerebrospinal 
fluid concentrations obtained which ordinarily would be considered therapeu- 
tically effective. 


Pleural Fluid 


Simultaneous blood and pleural fluid Promizole concentrations were deter- 
mined on 2 children with tuberculous pleural effusion three hours after the single 
administration of 1 gm. orally. The results are shown in table 3. In one child 


TABLE 3 
Concentration of Promizole in Pleural Fluid 


PROMIZOLE CONCENTRATION 
MG. PER 100 cc. 
PATIENT PROMIZOLE GIVEN 


Pleura! Fluid Spinal Fluid 


1 gm. 0.42 
S. F. 1 gm. 5.7% 5.16 
W. A. 1 gm. 1.39 


(S. F.), almost equally high concentrations were present in both blood and pleural 
fluid. In another child a low concentration in the blood was associated with a 
lower concentration in pleural fluid, approximately 50 per cent of that in the 
blood. 

CONJUGATION OF PROMIZOLE IN BLOOD 


Free and total Promizole concentrations were determined in the blood of 9 
patients, with the results shown in figure 6. The amount of the drug conjugated 
ranged from 0 to 47.2 per cent of the total Promizole in the blood. In 6 of these 
patients, however, the conjugated form was less than 10 per cent of the total 
Promizole, and in 2 patients it was less than 20 per cent. In only one was more 
than 40 per cent conjugation demonstrated. 


EXCRETION OF PROMIZOLE IN THE URINE 


The daily urinary excretion of both free and conjugated Promizole was meas- 
ured in 6 patients who had been maintained on Promizole for long periods of 
time. The recovery of Promizole in the urine in twenty-four hours, compared 
with the total daily intake, is shown in figure 7. The average blood concentra- 
tions in these patients are indicated in the same figure. It may be seen that the 
percentage recovery in the urine ranged from 42 to 86 per cent of daily intake. 
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The recovery in the urine, however, was in no way proportionate to the daily 


dose. Moreover, differences in the average blood concentration of these patients 
were apparently not a function of urinary excretion of the drug. 
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Fic. 7. Relationship between daily intake and urinary excretion of patients maintained 
on Promizole. 


In contrast to these findings are the results obtained in 4 children who were 
taken off Promizole until none could be detected in the blood or urine and who 
were given 0.08 gm. per kg. of Promizole in a single dose. As was shown in table 
2, these children exhibited almost complete absorption of the drug from the 
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gastrointestinal tract. The total urinary recovery of Promizole in these patients 
varied greatly, ranging from 17 to 64 per cent of the administered dose (table 
4). When the results of urinary excretion are compared with the blood concentra- 
tions obtained in these same patients (figure 2), it may be seen that the 2 pa- 
tients in whom only very low blood concentrations were attained excreted only 
17 per cent and 23 per cent, respectively, of ingested Promizole. One of the pa- 
tients with high blood concentrations excreted 64 per cent of the ingested drug 
in the urine. The other, however, excreted only 33 per cent. When these patients 


TABLE 4 
Recovery of Promizole in Urine 


PEAK BLOOD CON- | | PERCENTAGE RE- 
AVERAGE PEAK OF | IN URINE 
OF PATIENTS ON 
PROMIZOLE IN | COVERED IN URINE Pane MAINTENANCE 
SINGLE ORAL DOSE DOSAGE 


Patients with tuberculosis: 
Ww. 
R. A. 


Normal children: 


Bee Shee 
Ree Sage 


TABLE 5 
Conjugation of Promizole in the Urine 


. 
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| PER CENT OF 
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were again placed on maintainance doses of Promizole, however, the urinary 
recoveries in all again ranged between 50 and 60 per cent of daily intake. The 
blood concentrations, however, showed the same tendencies as with the single 
equivalent doses. When 3 normal children were given 0.08 gm. per kg. of Prom- 
izole in a single dose, the urinary recoveries were 64, 82, and 83 per cent of the 
administered dose. The results of the above experiments are shown in table 4 


CONJUGATION OF PROMIZOLE IN URINE 


Determinations of free and total Promizole were performed on twenty-four- 
hour urine specimens obtained from 7 tuberculous patients. The results are 
shown in table 5. It may be seen that only relatively small amounts of Promizole 
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are excreted in the urine in a conjugated form of the acetylation type. It is evident 
from these figures, however, that the urinary concentrations of the drug are far 
in excess of the known solubility of Promizole in aqueous solution, indicating 
that some conjugate has been formed, this involving some structure other than 
the diazotizable amine. Bambas and Vandenbelt have found by studies of phys- 
ical characteristics and absorption spectra that this conjugate contains a 
Promizole nucleus with a substituted thiazole ring, the substitutions at both 
the nitrogen in the ring and that of the amine (21). 


DISCUSSION 


For the proper evaluation of Promizole in the treatment of tuberculosis, it is 
necessary to attain in each patient under therapy serum concentrations of the 
drug comparable with those which in animal experiments have been found thera- 
peutically effective. As clinical studies progress, the analysis of clinical results 
may lend further evidence as to therapeutically effective drug concentrations. 
In the early studies with Promizole, it soon became apparent that the dose of 
Promizole necessary to obtain these blood concentrations varied greatly with 
different patients, some achieving them on a minute dose, others requiring im- 
mense doses of the drug. 

From the pharmacologic studies performed, it would seem that absorption 
of the drug from the gastrointestinal tract is not a factor in the phenomenon. 
When the factors of the drug excretion, storage, and degradation are considered, 
various explanations are suggested, although none seems complete and satisfac- 
tory. In single-dose experiments, the combination of low recovery plus low blood 
concentrations suggests that storage of the drug in the tissues might explain 
the phenomenon. When these same patients are maintained on the drug for 
long periods until a time one might reasonably expect tissue saturation to have 
occurred, there is still no tendency for the blood concentrations to rise, despite 
continuation of the same dose. Individual differences in the capacity for destroy- 
ing the drug do not appear to be the single determining factor in explaining dis- 
crepancies between dose and blood concentrations. Almost all patients studied 
have exhibited, when on maintenance regimens, the establishment of an equilib- 
brium on which an average of 50 to 60 per cent of the daily intake is excreted. 
Even with this equilibrium, these patients have persisted in demonstrating the 
individual tendencies toward either high or low blood concentrations. It is hoped 
that long-term balance studies, now planned, may offer additional information. 

The possibility was considered that other diazo compounds in the blood may 
have been interfering with the determination of Promizole, thus leading to ap- 
parent high levels. To diseount this possibility, the children who exhibited high 
blood concentrations were taken off the drug, and studies in Promizole dissipa- 
tion were performed. In all cases the blood was completely cleared in thirty-six 
to forty-eight hours, all subsequent determinations proving negative. In addition, 
the chemical methods for determining Promizole were performed on sera and 
urines of normal and tuberculous children who had never received the drug. 
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No false reactions were encountered. It must be remembered that other sulfones 
will give the same reaction and that the determination will represent the com- 
bined value of the sulfone and Promizole. Further studies are now in progress 
on plasma binding of Promizole, kidney and liver function, and, in addition, a 
search is being made for various degradation products which may not be meas- 
ured by present methods. Preliminary work by Bambas (22) has indicated that 
such a product may actually exist, and further studies on this problem are being 
performed. 

From the practical viewpoint, however, it seems fairly evident that the daily 
dose of Promizole and the interval of drug administration must. be determined 
by the individual characteristics of the patients. It is our policy at present to 
begin with 0.5 to 1 gm. daily, guided by age, divided into 4 doses given every 
six hours. Blood concentrations are determined, and the dose gradually adjusted 
to give a blood concentration of 1 to 2 mg. per 100 ce. 

Factors influencing the emergence of resistant variants of M. tuberculosis are 
constantly being studied. The addition of Promizole to streptomycin in the treat- 
ment of tuberculosis is one such factor. Careful analysis of the Promizole blood 
concentrations with full appreciation of the individual variability in obtaining 
effective therapeutic leads is essential. Only when adequate Promizole blood 
concentrations exist is an appraisal of the value of Promizole in preventing the 
emergence of resistant strains justified. 

The one generalization which seems permissible is that those children who 
attain high peak concentrations on small doses (1 gm. daily) may be given the 
drug at twelve-hour intervals, but those requiring large doses to achieve thera- 
peutic concentrations must be given the drug every six hours. 

It should be mentioned here that no significant toxicity has been encountered 
in the use of Promizole except the goitrogenic effect. This latter reaction is seen 
usually after the patient has been on the drug for several months. Occasionally 
in the early period of therapy, abdominal distention, cyanosis, and vomiting 
may be observed. A red urine, microscopically and chemically negative for blood, 
may occur intermittently and is not significant. 


SUMMARY 


The dose of Promizole necessary to maintain adequate concentrations of the 
drug in the blood varies markedly from patient to patient. This phenomenon is 
not due to differences in absorption and is not satisfactorily explained by differ- 
ences in urinary excretion, tissue storage, or capacity for drug destruction. 

The dose of Promizole must be ascertained for each individual patient, guided 
by determinations of blood concentrations. An appreciable number of patients 
will receive inadequate amounts of the drug if calculation of the dose is made by 
age or weight. 

Studies of absorption, excretion, distribution, and conjugations of Promizole 
have been presented. 
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SUMARIO 


El Promizol en el Tratamiento de la Tuberculosis. Factores que Determinan 
la Dosificacion Adecuada 


La dosis de Promizol necesaria para mantener concentraciones adecuadas de 
la droga en la sangre manifiesta una notable variabilidad de enfermo en enfermo. 
Este fenédmeno no se debe a diferente absorcién ni lo explican satisfactoriamente 
diferencias en la excrecién urinaria, fijacién en los tejidos o capacidad para 
destruccién de la droga. 

Por medio de la determinacién de las concentraciones sanguineas, hay que 
averiguar la dosis de Promizol para cada enfermo dado. Si se calcula la dosis 
por edad o peso, un niimero apreciable de pacientes recibiré cantidades inade- 
cuadas de la droga. 

Se presentan aqui estudios relativos a la absorcién, excrecién, distribucién 
y conjugaciones del Promizol. 
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INTRODUCTION 


Although acid-fast bacilli can be demonstrated readily by microscopic and 
cultural procedures, the only sure method of determining the virulence of these 
microorganisms has been by use of appropriate animal inoculation. From time 
to time workers have suggested new techniques for rapid determination of viru- 
lence of acid-fast bacilli. Among the most interesting of the newer tests have 
been the intradermal skin tests of Lester (1), the description of microscopic 
morphology of colonies in certain specific media (2), and reactions of the bacilli 
with specific chemical agents (the cytochemical reaction) (3). 

It was the purpose of the investigation herein reported to study the correlation 
between these tests of virulence and the classical determination of virulence by 
animal inoculation. 


Materials and Methods 


Harvest of bacilli: Stock strains and freshly isolated strains of tubercle bacilli were 
selected and grown in Dubos Tween-albumin medium (4) (0.02 per cent Tween) for two 


weeks at 37°C. Each strain was tested by the cytochemical reaction ten times and twice 
by each of the other methods for testing virulence. Examinations for contamination of 
the cultures were made by microscopic study just prior to cytochemical testing. An 
aliquot of the young cultures in liquid medium was removed for weighing. Determina- 
tions of dry weight of the bacilli per unit volume of medium were made by washing the 
cells free of medium with sterile distilled water and drying in an oven at 180°C. for one 
hour. 

Cytochemical testing: On the day the cytochemical testing was to be performed, two 
flasks of culture were prepared for each strain, with a known weight of bacilli per given 
volume of medium. Each culture was treated separately in the following manner. The 
culture was mixed thoroughly and 5 ml. were placed in each of six test tubes. Stained 
slides were prepared for an added search for contamination and for observation of serpen- 
tine growth. Five of the samples were centrifuged and washed twice in 50 per cent meth- 
anol for one hour at 37°C. The sixth tube was reserved for animal inoculation which 
was performed on the same day. The washed bacilli were resuspended in 5 ml. of buffer 
solution (5 per cent sodium chloride and 1 per cent sodium barbital, pH 9.46). The bacilli 
per tube varied in weight from 10 mg. to 1.5 mg., depending upon the strain. One milli- 
liter of freshly prepared neutral red (10 mg. per 100 ce.) in aqueous solution was added 
to each of the first five tubes which were then well shaken to thoroughly mix the dye, 
buffer, and bacilli, thereby offering as much surface exposure of the cells to the dye as 
possible. The bacilli soon settled to the bottom, affording a good view of the color changes 
which appeared in five minutes and were complete in thirty minutes. It was noted that 


1 From Laboratory Services, Communicable Disease Center, Public Health Service, 
Federal Security Ageney, Atlanta, Georgia 
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the bacilli might be left overnight (twelve hours) in the buffer with no visible difference 
in the reaction on subsequently adding the dye. When the dye and buffer are mixed, a 
precipitate forms which remains in fine suspension. This occurs during the cytochemical 
test but will not interfere with the reading unless the latter is delayed an hour, or the 
tubes are centrifuged. 

Observation of serpentine growth: One smear was made directly from each culture by 
withdrawing a few drops in a pipette. These were transferred to a slide and allowed to 
dry at room temperature. At first a general tendency toward parallel and end-to-end 
orientation of the cells was considered to be an indication of serpentine growth in the 
culture. Several smears appeared, however, which displayed a marked “river-of-logs”’ 
effect in “ropes” of bacilli over the slide, and which proved to be from cultures of M. 
phlei and the acid-fast “saprophyte-from-radish.’”? 

Intradermal tests: For this test, injections were made intracutaneously into the shaved 
ventral surface of a guinea pig. The sites of injection were the four quadrants, i. e., the 
right and left sides, respectively, of the thorax and the lower abdomen. In this manner 
four separate strains may be tested on the same guinea pig, since one reaction does not 
affect the other. The inocula consisted of 0.01 mg. of bacilli in 0.1 ml. of sterile physiologic 
saline solution. The animals were examined at seven, ten, and fourteen days for evidence 
of induration, nodule formation, and ulceration at the site of injection. All guinea pigs 
used in this test were sacrificed and studied by gross and microscopic examination six 
weeks from the date of inoculation. Each strain was tested twice, using separate animals. 
Inoculations were made on the same day the other tests were performed. 

Classical animal inoculation: The bovine strains of tubercle bacilli were injected in- 
travenously into rabbits and the avian strain, intravenously into chickens. All others 
were injected subcutaneously into the right groin of guinea pigs. The rabbits and chickens 
were sacrificed three months after inoculation and the guinea pigs at the end of six weeks. 
The animals were examined at autopsy by gross and microscopic studies of lesions seen 
in the lymph nodes, spleen, liver, and lungs. 
RESULTS 
The results of the studies described above are summarized in table 1. Serpen- 
tine cords were seen, not only in two strains of saprophytes, 1. phlei and the 
acid-fast “saprophyte-from-radish,”’ but parallel orientation of the bacilli was 
noted in all of the virulent strains of tubercle bacilli as well. 

The cytochemical test resulted in a strong positive reaction in the nine “wild” 
virulent strains tested, as well as in the acid-fast saprophyte from the radish. 
‘These reactions were bright red. Less intense colors were given by H37Rv and 
by one bovine strain (Copenhagen). A faint pink color was seen with bovine 
(Ravenel), avian (Kirchberg), BCG (Birkhaug), and H37Ra strains. The three 
other strains tested, M. phlet, M. smegmatis, and M. butyricum, exhibited no 
color change, the bacilli retaining their original creamy colors. 

Inoculation of H37Rv and the nine “wild” strains into the groin of guinea pigs 
resulted in progression of the infection to the liver in all animals, and to the lung 
in most. Following inoculation with BCG (Birkhaug), the bacilli did not progress 
beyond the superticial and deep inguinal nodes. No involvement was found after 


? This organism was obtained from the washings of a radish which was digested and 
cultured in the usual manner. 


| 
| 
A 


634 RICHMOND AND CUMMINGS 


inoculation of M. phlei, M. smegmatis, and M. butyricum. The bovine strains 
inoculated into rabbits produced lesions of the lung, kidney, and spleen. Intra- 
venous inoculation of the avian strain in the chicken caused small lesions in the 
Jungs and kidneys. 

Intradermal inoculations into guinea pigs of H37Rv, bovine (Copenhagen), 
bovine (Ravenel), and the nine freshly isolated human strains resulted in swell- 
ing at the site of inoculation in approximately seven days. Ulceration developed 
in two weeks, and at this time acid-fast bacilli could be demonstrated in the 
regional node by microscopic examination of smear preparations. The avian 
(Kirchberg) strain caused no ulceration or regional node involvement. BGC 


TABLE 1 


Comparison of Three Tests for Virulence of Acid-fast Baciili with Standard 
Animal Inoculation Test 


PARALLEL 
ORIENTATION 
STRAIN OF ACID-PAST BACILLI (MICROSCOPIC CYTOCHEMICAL TEST* 
EXAMINATION 
OF SMEAR) 


| ANIMAL IN- 
OCULATIONT 


M. tuberculosis 
H37Rv 
H37Ra 
Bovine (Copenhagen) 
Bovine (Ravenel) 
Avian (Kirchberg) 
9 wild strainst 
BCG (Birkhaug) 
M. phlei 
M. smegmatis — White 
M. butyricum —White 
Acid-fast ‘“‘saprophyte from radish”’ ted 


+Pink 

+Very light pink 
+Light pink 
+Very light pink 
+Very light pink 
+Red 

+Very light pink 
— White 


+ 
+ 
» 
> 
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* Each symbol represents ten cytochemical tests which were uniform for the given 
strain 

+t Each symbol represents two tests. 

¢ Nine strains were isolated from routine diagnostic specimens. 

§ The guinea pig inguinal node only was positive. The Lester test showed no ulcer but 
the regional node contained acid-fast bacilli. 


(Birkhaug) caused no ulcer, but acid-fast bacilli were found in the regional node. 
M. phlei, M. smegmatis, M. butyricum, the acid-fast saprophyte from the radish, 
and H37Ra caused no ulceration or regional node involvement when inoculated 
intracutaneously. 
DISCUSSION 

The intensity of the cytochemical reaction of acid-fast bacilli was uniform on 
repetition with a given strain but varied among different strains. Since all strains 
were tested in the same way’, it may be assumed that variations in some intrinsic 


? The slight variation in numbers of bacilli per tube is considered of no significance as 
an excess of dye was used and ample time was allowed for completion of the reaction. 
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biological characteristic from strain to strain causes a varying reaction when 
studied by the method described. 

Fourteen strains of virulent tubercle bacilli were subjected to the cytochemical 
test. Nine of these strains were isolated from patients during routine diagnostic 
procedures. Four were laboratory strains; two, bovine; one, avian; and one, the 
human strain H37Rv. All of these strains showed virtually the same degree of 
virulence on animal inoculation, while cytochemical testing among these virulent 
strains showed varying degrees of intensity. 

All of the strains recently isolated from infected humans showed more intense 
cytochemical reactions than did the stock strains which had been carried for 
some time in the laboratory, even though the latter had been passed through 
animals at three-month intervals. This might have been expected since most 
laboratory strains of tubercle bacilli tend to lose virulence after many transfers 
on artificial media. Disregarding the intensity of the reaction, all strains which 
subsequently proved, by classical animal inoculation, to be virulent proved also 
to be positive on cytochemical testing by showing some degree of color change. 
The positive cytochemical test, however, was not specific for virulent strains 
alone. A markedly positive reaction, as intense as those seen among the “wild”’ 
strains, was also seen in the acid-fast saprophyte isolated from a radish which 
proved on animal inoculation to be avirulent. 

The attenuated strain, BCG (Birkhaug), showed a positive cytochemical test 
of slight intensity while the classical guinea pig inoculation test with this organ- 
ism showed only a localized lesion in the inguinal node. The intracutaneous Lester 
test showed no ulcer, but a positive smear was obtained from the regional node, 
as might have been expected. 

The human avirulent variant, H37Ra, showed a slightly positive cytochemical 
reaction, while classical animal inoculation, as well as the Lester test, proved it 
to be avirulent. 

‘che saprophytes showed no reaction on cytochemical testing except for the 
acid-fast saprophyte from the radish, which gave an intense reaction. These 
saprophytes all proved to be nonpathogenic on animal inoculation. 

Little correlation was noted between serpentine growth in the Tween-albumin 
medium (4) (0.02 per cent Tween) and virulence as determined by animal inocu- 
lation. There was a closer correlation when observations were made of parallel 
orientation of the bacilli. Dubos (2) has pointed out that cord formation is di- 
minished in liquid medium when concentrations of more than 0.01 per cent 
Tween are used. This factor appears to have been operative in the tests reported 
above. Only two of the acid-fast bacilli showed true serpentine growth, and these 
were saprophytes. A tendency to parallel orientation was noted, however, in all 
of the virulent strains of tubercle bacilli. The acid-fast saprophyte from radish 
gave a positive cytochemical test while another saprophyte (MV. phlet) gave a 
negative cytochemical test. Both were negative on animal inoculation. 

The above observations indicate that one cannot rely solely on the findings by 
cytochemical testing and colony appearance to determine virulence of acid-fast 
bacilli. While all of the known virulent strains appear to yield a positive test, 
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some of the nonpathogenic saprophytes appear also to give the same positive 
findings. 

The Lester test proved to be positive in all strains which were found to be 
pathogenic on animal inoculation except the avian strain (Kirchberg). This 
laboratory strain, however, is not as pathogenic as freshly isolated avian strains. 
BCG (Birkhaug) produced no ulcer on Lester testing but was found in the 
regional node. Both ulceration and demonstration of acid-fast bacilli in the re- 
gional node are necessary for the Lester test to be called positive. 


SUMMARY AND CONCLUSIONS 


Nineteen strains of acid-fast bacilli, thirteen virulent, one attenuated, and 
five saprophytic, were examined with four tests for virulence. Each strain was 
tested twice. Five cytochemical tests per culture were performed with each cul- 
ture. All tests were controlled by appropriate animal inoculations. 

The cytochemical reaction on repeated testing was constant for any given 
strain, but varied among different strains. The intensity of the cytochemical 
reaction was not directly related to the degree of virulence of various acid-fast 
bacilli in animals. All strains which proved to be virulent on animal inoculation 
were also positive by cytochemical test. Some strains which were positive by 
cytochemical test, however, were proved nonvirulent by animal inoculation. 

There is little correlation between serpentine cords in cultures grown in Tween- 
albumin medium (‘Tween 0.02 per cent), as noted microscopically, and virulence 
as determined by animal inoculation. Parallel orientation of the bacilli noted 
microscopically correlated fairly well with virulence as determined by animal 
inoculation. A good correlation could also be demonstrated between parallel 
orientation and a positive cytochemical test. A good correlation was demon- 
strated between the Lester intradermal skin test and classical animal testing. 

It appears, therefore, that the most reliable test for virulence remains appro- 
priate animal inoculation with careful study of the animals at autopsy. 


SUMARIO Y CONCLUSIONES 


Justipreciacién de las Técnicas Empleadas para Comprobar la Virulencia de los 
Bacilos Acidorresistentes 


Diecinueve cepas de bacilos dcidorresistentes (trece virulentas, una atenuada y 
cinco saprofitas) fueron estudiadas con cuatro pruebas de virulencia. Cada cepa 
fué comprobada dos veces. Con cada cultivo se ejecutaron cinco ensayos cito- 
quimicos. Todas las pruebas fueron cotejadas con apropiadas inoculaciones en 
animales. 

Al repetirlo, el ensayo citoquimico se mostré constante para cada cepa dada, 
pero varié entre las diversas cepas. La intensidad de la reaccién citoquimica no 
corresponde al grado de virulencia revelada por los varios bacilos Acidorresistentes 
al ser comprobados en animales. Todas las cepas que resultaron virulentas a la 
inoculacién en animales también fueron positivas en el ensayo citoquimico, pero 
algunas de las positivas con el ensayo citoquimico mostraronse avirulentas en la 
inoculacién en animales. 


" 
| 
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Existe, segtin se observé microscépicamente, poca correlacién entre los cordones 
serpentinos en los cultivos sembrados en el medio de Tween-albtimina (Tween 
0.02%) y la virulencia determinada por la inoculacién en animales. La orienta- 
cién paralela de los bacilos, observada microseépicamente, correlacioné bastante 
bien con la virulencia determinada por la precitada inoculacién. Pudo también 
descubrirse buena correlacién entre la orientacién paralela y la positividad del 
ensayo citoquimico. Notése ademas buena correlacién entre la intradermorreac- 
cién de Lester y la clasica comprobacién en animales. 

Parece, pues, que la prueba mas fehaciente de la virulencia contintia siendo la 
apropiada inoculacién en animales con el cuidadoso estudio de los animales en la 
autopsia. 
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STUDIES ON METHODS FOR DETERMINING SENSITIVITIES 
OF TUBERCLE BACILLI TO TIBIONE':* 


M. RUSSELL, D. BUSH, AND C. HURWITZ 
(Received for publication July 27, 1950) 


INTRODUCTION 


Since the reports of the German experience with thiosemicarbazone compounds 
(1, 2, 4, 6) considerable interest has been aroused in this country in the use of 
this drug for the treatment of tuberculosis. Other than a tentative and pre- 
liminary recommendation by the Laboratory Committee for use by Veterans 
Administration Study Units (8), no method for determining sensitivity of tu- 
bercle bacilli to the drug has been described. The following work was undertaken 
to establish routine methods for testing sensitivity of tubercle bacilli to Tibione. 


Methods 


The solid medium employed was the American Trudeau Society egg-yolk medium (8) 
and the liquid medium was the Dubos-Davis Tween-albumin medium (3). The solid 
medium was tubed in screw-top vials and the liquid medium in 22 by 175 mm. tubes in 
5 ml. amounts and in 19 by 150 mm. Coleman tubes in 10 ml. volumes. The latter were 
employed for spectrophotometer readings at 520 mu in the Coleman Junior spectrophotom- 
eter. All inocula from previously prepared cultures in Tween-albumin medium were 
standardized as described in an earlier paper from this laboratory (5). Concentrates of 
specimens of sputum were prepared by standard digestion procedures using 4 per cent 
sodium hydroxide. 

Although Tibione is only slightly soluble in water, it is soluble in propylene glycol to 
the extent of 1 per cent at room temperature (7). The latter solvent was therefore chosen 
for preparing dilutions of the drug. A 0.5 per cent solution of Tibione in propylene glycol 
may readily be made. Heating hastens solution and does not result in deterioration of 
Tibione (7). Dilutions of this solution are made with Tween-albumin medium or with 
distilled water. A suitable range of concentrations of Tibione has been found to be from 
50 to 0.01 y per ml. These may be prepared conveniently by the double 1:10 serial dilu- 
tion method as shown in table 1. Slight cloudiness sometimes develops in solution B, 
but heating quickly redissolves the precipitate. 


RESULTS 


The use of propylene glycol as a solvent made it necessary to test its effect on 
the growth of tubercle bacilli and on their sensitivity to other agents. The results 
of tests performed in liquid medium are shown in tables 2 and 3. Growth was 
measured in a Coleman Junior spectrophotometer at 520 mu. The inoculum used 


1 From the Streptomycin Research Laboratory, Laboratory Services of Veterans Ad- 
ministration Hospital, Staten Island, N. Y. 

2 Sponsored by the Veterans Administration and published with the approval of the 
Chief Medical Director. The statements and conclusions published by the authors are a 
result of their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration 
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TIBIONE SENSITIVITY TESTS 


TABLE 1 
Preparation of Dilutions of Tibione 


CONCENTRATION OF _§ CONCENTRATION OF 
PROPYLENE GLYCOL TIBIONE 


5,000 
100 


1:100 of solution A 5O 
1:10 of solution B 
1:10 of solution C 
1:10 of solution D 
1:10 of solution E 
1:10 of solution F 
1:10 of solution G 
1:10 of solution H 


TABLE 2 
Effect of Propylene Glycol on Growth and Streptomycin Sensitivity of a Sensitive Strain of 
M. Tuberculosis 


GROWTH APTER INCUBATION FOR TWELVE DAYS 
(Readings of Per Cent Transmission at 520 mu) 
CONCENTRATION 


STREPTOMYCIN Per cent propylene glycol 


a per cent 2 per cent 3 per cent | 4per cent | S per cent 


46.0 
51.0 


TABLE 3 


Effect of Propyiene Glycol on Growth and Streptomycin Sensitivity of a Resistant Strain of 
M. Tuberculosis 


GROWTH APTER INCUBATION FOR FOURTEEN DAYS 
(Readings of Per Cent Transmission at 520 mu) 


Per cent propylene glyco! 


1 per cent | 2 per cent | 3 per cent | 4 percent | 5 percent 


42.0 
42.0 
42.0 
44.5 
43.0 
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B | 1:50 of solution A 
D 
E 
F 
G 5 
H 1 
05 
J Ol 
0 
per mi. 
0.0 45.0 | 500 | 5.0 | 57.0 | 69.0 
0.1 | 45.5 | 5.0 | 61.0 | 63.5 | 78.0 
0.2 45.5 50 | 61.5 | 66.0 77.0 | 89.5 
. 0.4 | 52.0 64.5 83.0 92.0 93.0 92.0 
0.5 54.0 75.0 | 92.5 | 93.0 93.0 93.5 
| 
or 
STREPTOMYCIN | 
| 0 
o | 390 | | 4.5 | 53.0 61.0 | 75.0 
38.5 | | 46.5 995 | 62.0 78.0 
10 | 38.0 | 47.5 54.0 63.0 77.0 
100 39.5 | 47.5 54.5 60.5 78.0 
500 41.5 65.5 56.0 75.5 69.5 
1,000 43.5 49.0 54.5 63.0 72.0 
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was 0.2 ml. of a 7-day-old culture adjusted to 70 per cent transmission at 520 mu. 
This inoculum corresponded to 2 X 10-5 gm. dry weight of tubercle bacilli. In 
table 2 are shown data on the effects of 1 to 5 per cent propylene glycol on growth 
and sensitivity of a streptomycin-sensitive strain. The data in table 3 show the 
effect of propylene glycol on a streptomycin-resistant strain. As may be seen, 
growth of both the sensitive and resistant strains was markedly affected by con- 
centrations of propylene glycol greater than | per cent. Sensitivity to strepto- 
mycin of the sensitive strain was slightly but progressively increased as propylene 
glycol concentration was increased, whereas the resistant strain showed no effect 


TABLE 4 
Effect of Propylene Glycol on Growth of M. Tuberculosis H87Rv on Solid Medium 
Thirty-five days’ incubation 


PER CENT PROPYLENE GLYCOL 


Growth 


TABLE 5 


Effect of Inoculum Size on Sensitivity of M. Tuberculosis H87Rv to Tibione in T'ween- 
albumin Medium 


GROWTH AFTER INCUBATION FOR FOURTEEN DAYS 

| (Readings of Per Cent Transmission at 520 mu) 
CONCENTRATION | 
or | 


TIBIONE | Grams inoculum per 10 ml. of medium 


37 33.0 


47.5 


oo | 5990 48.5 | 44.5 42.0 38.0 39.0 
00 | 890 89.5 | 80.0 73.0 68.0 | 58.0 
01 89.0 00.5 87.0 83.0 77.0 +| 71.0 
0.5 9.0 | 9.0 88.0 $5.0 $4.0 | 78.0 
1.0 890.5 SSO | &7.0 86.0 S4.5 79.0 


5.0 90.0 90.0 88.0 87.0 §2.5 77.5 


on sensitivity in the ranges studied. Similar results were obta’ .ed in the tests 
performed on solid medium (table 4). 

The effect of the size of inoculum on the inhibitory concentration of Tibione 
was studied both in liquid and on solid medium. Inocula were prepared from 7- 
day-old cultures in Tween-albumin medium, adjusted to 70 per cent transmission 
according to the method described elsewhere (5). The size of the inoculum varied 
from 10~* gm. dry weight of bacilli to 2 X 10-7 gm. in the liquid medium, and 
from 5 X 10-* gm. to7 X 10~* gm. dry weight on the solid medium. The results 
are recorded in tables 5 and 6. 

From the data in table 5, it may be seen that in liquid medium, as the size of 
the inoculum increased, sensitivity to Tibione decreased. In liquid medium, a 


| 44 4+ 4+ 3+ | 2+ | 
| 
\ per mi. | | 
0.0 1.0 | 36.5 
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500-fold increase in size of inoculum resulted in a tenfold decrease in sensitivity 
to Tibione. On solid medium, this effect was seen in a somewhat different form. 
As the size of inoculum increased, the sharp break in the amount of growth 
occurring between | and 5y per ml. remained, but an increasing amount of growth 


TABLE 6 
Effect of Size of Inoculum on Sensitivity of M. Tuberculosis H87Rv to Tibione on Solid Medium 


GROWTH AFTER THIRTY-FIVE DAYS’ INCUBATION 


CONCENTRATION OF TIBIONE 
| Size of inoculum in grams 


1.25 X | 2.5 X 10-8 


30 colonies 
30 colonies 
- 100 colonies 30 colonies 


TABLE 7 


Comparison of Liquid and Solid Media in Testing a Tibione-resistant Strain of 
M. Tuberculosis* 


TIBIONE CONCENTRATION LIQUID MEDIUM 


| 


* The inoculum was prepared from a subculture made seven days previously from the 
5Oy per ml. tube in the last column of table 6. The growth was adjusted to 70 per cent trans- 
mission at 520 mu and the inoculum consisted of 2.5 K 10-* gm. dry weight of bacteria for the 
solid medium and 10-* gm. for the liquid medium. The liquid medium titrations were car- 
ried only as far as 5y per ml. 


occurred in the presence of higher concentrations of Tibione (table 6). Subculture 
from solid-medium tubes containing concentrations of Tibione of 10 and 50 y 
per ml. resulted in growth in both liquid and solid media, indicating that this 
increased growth was resistant to Tibione (table 7). 

The sensitivity to Tibione of a number of strains of tubercle bacilli was meas- 


per mi. | 
0.0 | 4 | 4+ 4+ | 4+ - 
0.01 | 4+ | 4+ 4+ 4+ 
0.05 4+ 4+ 
0.1 | te 4+ 4+ 4+ 
0.5 1 4+ | 4+ | d+ 
1.0 4+ | 4+ 
5.0 3+ 
SOLID MEDIUM 
per mi. | 
0.0 
0.01 | 4+ | de | 
0.05 4+ | 4+ 
0.1 4+ 4+ 
0.5 | 4+ 
1.0 4+ 44 
5.0 4+ 
10.0 - 4+ 
50.0 | - | 4+ | 
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TABLE 8 
Direct Inoculation of Concentrated Specimens of Sputum on Solid Medium 


GROWTH AFTER THIRTY-FIVE DAYS’ INCUBATION 
TIBIONE 
CONCENTRATION 


Gil(4) 


per mi. 


3 colonies 
40 colonies 
0 


* Figure in parentheses is the Gaffky number of the specimen. 


TABLE 9 


Tibione Sensitivity Tests in Liquid Medium of Various Strains of M. Tuberculosis 


GROWTH AFTER FOURTEEN DAYS’ INCUBATION® 


TIBIONE CONCENTRATION Streptomycin-resistant Strains Streptomycin-sensitive Strains 


SUR RVR RAS 


| 
| 
| 


| 


* Readings given arbitrary comparison values. A 4* reading is maximum growth. 


TABLE 10 


Tibione Sensitivity Test in Liquid Medium of Two Strains of M. Tuberculosis 


GROWTH AFTER FOURTEEN DAYS’ INCUBATION 
(Reading of Per Cent Transmission at 520mu) 
TIBIONE CONCENTRATION 


642 
— 
0.0 4+ 4+ 4+ 4+ 4+ 
0.01 4+ 4+ 4+ 4+ | 4+ 
0.05 4+ 4 | 4+ | 
0.1 4+ 4+ 4+ 4+ | 4+ 
0.5 | I+ | 4+ 3+ 4+ | 4+ 
i 1.0 | 1+ 4+ 2+ 4+ 4+ 
5.0 | 0 0 0 
10.0 0 0 6 0 
50.0 0 0 | 0 0 
J 
per mi. | 
0.0 | 4 4 4 4 4 4 4 a|4 
0.01 4 4 4 4 4 2 ss 4 
0.05 1 3 4 4 3 0 2 3 1 
0.1 0 1 1 0 1 | 1 0 
0.5 0 0 0 0 0 0 | 0 0 0 
1.0 0 0 0 0 0 0 | Oo 0 0 
5.0 0 0 0 0 0 o | Oo 0 0 
7 per mi. 
0.0 46.0 416.5 
0.01 17.8 48.0 
0.05 | 47.2 64.3 
0.1 | 80.0 84.0 
0.5 89.0 89.0 
1.0 OO 8 89.0 
5.0 91.3 90.0 


TIBIONE SENSITIVITY TESTS 643 


ured by both techniques to check the efficacy of the methods. The inoculum em- 
ployed for the tests with solid medium consisted of 0.5 ml. of a concentrated 
specimen of sputum. Liquid medium inocula consisted of 0.1 ml. of Tween-al- 
bumin medium suspension per 5 ml. of medium. The results with solid medium 
tests are shown in table 8, and those with liquid medium in tables 9 and 10. 

Both methods resulted in satisfactory end points, but approximately a ten 
times greater concentration of Tibione was required to prevent growth on solid 
medium than in liquid medium. As may be seen from these data, most strains 
in liquid medium were inhibited by 0.5 y of Tibione per ml., whereas on solid 
medium most strains were inhibited by 5 y per ml. 

A possible explanation for this discrepancy is found in the following experi- 
ment. Sensitivity to Tibione of several strains of tubercle bacilli was determined 
in liquid medium as previously described , except that Tween was omitted from 


TABLE 11 
Sensitivity of Strains of M. Tuberculosis to Tibione in Liquid Medium without Added Tween 


| 


| GROWTH AFTER FOURTEEN DAYS’ INCUBATION 
TIBIONE CONCENTRATION 


RVS 


4 4 2 
4 4 2 
2 3 2 
2 2 2 
+ + 1 

+ oa + 
+ + + 


+ indicates a small amount of growth. 


the medium. The results are listed in table 11. In the absence of Tween, Tibione 
was markedly less inhibitory to tubercle bacilli and the results obtained were 
very similar to those obtained with solid medium. 


SUMMARY 


A laboratory investigation has been made of methods for determining sensitiv- 
ity of strains of M. tuberculosis to Tibione, employing both solid and liquid 
media. Preparation of media containing Tibione in concentrations of .01 to 50 
y per ml. is described, utilizing propylene glycol as the solvent. 

Certain factors which may influence the results of the test were investigated. 
It was found that the effect of the solvent, propylene glycol, in concentrations 
below 1 per cent was small enough to be disregarded. The effect of the size of 
inoculum was also studied. In liquid medium, an increase in size of inoculum 
from 2 X 10-7 gm. to 10~ gm. per 10 ml. of medium resulted in a tenfold increase 
in the concentration of Tibione required for inhibition of growth. On solid me- 
dium, the use of a heavy inoculation resulted in the growth of many resistant 
colonies in the higher concentrations of Tibione. Strains resistant to 10 to 50 y 


RVR U13 U32 | 
per mi. | | = 
0.0 4 
0.01 4 
0.05 3 
0.1 2 
0.5 1 
1.0 + 
5.0 + 
i 
t 
i 
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per ml. of Tibione were isolated. It was also found that omission of Tween from 
the liquid medium resulted in values for the sensitivities comparable to those 
obtained with solid medium. 


SUMARIO 


Estudios de Técnicas Dedicadas a Determinar la Sensibilidad de los Bacilos 
Tuberculosos a la Tibiona 


Dos téenicas, una basada en el empleo de un medio sédlido y la otra en el 
empleo de un medio liquido de Tween 80-albimina, fueron investigadas para 
uso en la determinacién de la sensibilidad de ciertas razas del M. tuberculosis a 
la tibiona. Describese un método para la preparacién de medios que contienen 
tibiona a concentraciones de 0.01 a 50 y por ml., empleando como solvente 
glicol propilénico. Investigése el efecto del glicol propilénico sobre la prolife- 
racién y la sensibilidad a la estreptomicina. A una concentracién inferior a 1 
por ciento, el efecto result6 menospreciable. 

También se estudié en medios tanto liquidos cuanto soélidos el efecto del ta- 
mafo del inéculo. En medio liquido, el aumento del tamafo del indéculo, de 
2 X 10-7 gm. a 10~ gm. por 10 ml. de medio, logré decuplicar la resistencia. 
En medio sélido, una inoculacién intensa dié por resultado la aparicién de 
muchas colonias resistentes. Se aislaron cepas resistentes a 10 a 50 y por ml. 
Las sensibilidades determinadas en medio sélido no resultaron tan elevadas 
como las determinadas en medio liquido que contenia Tween. Al omitir el 


Tween del medio liquido, las sensibilidades encontradas fueron comparables a 
las observadas en medio sdélido. 
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LATE RESULTS OF THORACOPLASTY ACCORDING TO TYPE OF 
PULMONARY TUBERCULOSIS' 


The Present Status of 254 Patients Two to Ten Years after Thoracoplasty 


DOUGLAS GUTHEIL, JOHN D. STEELE, A. V. CADDEN, 
anp SANBO SAKAGUCHI 


(Received for publication June 29, 1950) 


INTRODUCTION 


This report is an analysis of the late results of thoracoplasty in 254 patients 
with pulmonary tuberculosis operated upon during the ten-year period from 
December 1937 through December 1947 and followed for two to ten years after 
completion of the operation. All of these patients were operated upon by, or 
under the supervision of, one of us (J. D. S.). The standard thoracoplasty as 
described by Alexander (1), including resection of transverse processes, was used 
throughout this period. The study was carried out mainly in an attempt to deter- 
mine whether any type or group of cases would be more suitable for primary 
pulmonary resection than for thoracoplasty. 


COMPOSITION OF CLINICAL SERIES 


The cases were classified according te ‘he clinico-pathologic groups suggested 
by Rubin and Klopstock (2) and were divided into the following seven major 
groups according to the predominant type of disease present before thoracoplasty : 
(1) fibrocaseous tuberculosis; (2) fibroid tuberculosis; (3) caseocavernous tuber- 
culosis; (4) tuberculosis associated with “tension” (large thin-walled) cavities; 
(5) tuberculosis associated with marked destruction of lung and bronchiectasis 
(“destroyed lung’’); (6) unexpandable lung; (7) tuberculous empyema. 

All patients have been classified according to the 1950 edition of Diagnostic 
Standards. The term “inactive” as used in the text and tables signifies that 
repeated cultures of the bronchopulmonary secretions became and remained 
negative for tubercle bacilli, the appearance of lesions in serial roentgenograms 
was stable without roentgenologic evidence of cavity, and symptoms of tuber- 
culous origin were absent (3). 

In this series of 254 patients, 131 were males and 123 were females. There were 
246 white patients, 4 Negroes, 3 Indians, and one Latin-American, and the ages 
ranged from 16 to 63 years (see table 1). An average of 4.6 thoracoplasty stages 
was performed per patient and an average of 7.5 ribs was resected per patient. 
All patients were classified as to their suitability for thoracoplasty both from the 
standpoint of operative risk and the probability of control of their disease. This 
classification was based on clinical, roentgenologic, and bronchoscopic examina- 
tions, as well as on family and personal history. Of the 254 cases, 64 were consid- 


1 From the Departments of Surgery, Muirdale Sanatorium and the Marquette University 
School of Medicine, Milwaukee, Wisconsin. 
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ered good candidates for the operation, 58 average, and 132 below average. 
Active, bilateral disease was present in 187 (73.6 per cent) cases at the time 
of operation. 


TABLE 1 
Age Distribution in Patients Treated with Thoracoplasty for Pulmonary Tuberculosis 


PATIENTS 


Less than 20 1l 
21 to 30 
31 to 40 
41 to 30 
51 to 60 
More than 60 


Total 


TABLE 2 
Status of the Coniralateral Lung at Time of Thoracoplasty 


INACTIVE CON-| ACTIVE CON- 
TYPE OF DISEASE TRALATERAL | TRALATERAL 
DISEASE DISEASE 


| 


Fibrocaseous 137 101 


Fibroid 27 19 
Caseocavernous 15 il 
Tension cavity : 
Destroyed lung 

Unexpandable lung 

Tuberculous empyema 


Total 254 60 


RESULTS IN ALL PATIENTS 


The 193 patients whose disease was classified as inactive following thoraco- 
plasty had 847 negative cultures of sputum (average, 4.4 per patient) and 1,288 
negative cultures of gastric aspirates (average, 6.7 per patient). It must be 
pointed out that patients operated upon in 1938 and 1939 had comparatively 
few cultures of gastric contents. Most patients in this series had gastric aspira- 
tions performed on three successive days every three months until cultures of 
the specimens became negative. After becoming inactive, the series of gastric 
aspirations were repeated three or more times prior to discharge from the sana- 
torium. 

Following thoracoplasty, the patients remained at bed rest for at least six 
months. Exercise was gradually increased during the next six months and patients 
were discharged one vear after the operation, provided that cultures of the gastric 
contents had been persistently negative for at least six months, 


AGE — 
254 
. 
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The distribution of cases according to the aforementioned classification is 
shown in table 2. Complications of pneumothorax caused all of the cases of 
empyema and unexpandable lung. In 2 of the patients with empyema and in 
both patients with unexpandable lung, negative cultures of pulmonary secretions 
were obtained prior to thoracoplasty. 

In table 3 is shown the status of the contralateral lung before and after thoraco- 
plasty. At some time before thoracoplasty, 38 patients had received contralateral 


TABLE 3 
Status of the Contralateral Lung Before and After Thoracoplasty 


| AFTER THORACOPLASTY 
BEFORE THO- 


RACOPLASTY 
Progressive Regressive | Stationary 
Apparently clear ....... es 6 2 0 0 
Apparently inactive. ... ere 7 0 0 7 
Active, stationary 113 ll 10 92 
Active, regressive....... 7 4 48 18 
Active, progressive............ 0 


TOTAL CASES i 
I 


| | | 
Active tive After] | Late TB | Inactive No Non L =o 


Respiratory 


Fic. 1. Present status of all patients in series 


intrapleural pneumothorax. Following thoracoplasty, intrapleural pneumothorax 
for the control of contralateral disease was used in 14 cases and extrapleural 
pneumonolysis followed by paraffin filling in 11 cases. If these same patients were 
being considered today, streptomycin therapy would probably be used in pref- 
erence to pneumothorax or in conjunction with pneumothorax. During thoraco- 
plasty there were 18 instances of spread or reactivation of disease; of these, 5 
were bilateral, 3 were ipsilateral, and 10 were contralateral. 

The present status of the entire series is summarized in figure 1. Cultures of 
the pulmonary secretions were negative in 193 patients (76 per cent) after tho- 
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racoplasty. (In 4 of these, cultures were negative prior to thoracoplasty.) 
In 50 patients (19.7 per cent) cultures of the pulmonary secretions 
remained positive. Among the latter, 19 patients (7.5 per cent) still have active 
disease ; 10 patients (4.0 per cent) have inactive disease after pulmonary resection; 
and there were 21 late deaths due to tuberculosis (8.3 per cent). Thoracoplasty 
was not completed in 7 patients (3.0 per cent) because of spreads of disease after 
the first or second stage in 6 patients and because of the development of acute 
glomerulonephritis in one. “Operative death’”’ included any patient who died 
within three months of the last stage of thoracoplasty. There were 4 operative 
deaths (1.5 per cent). One death followed bile peritonitis due to rupture of the 
gall bladder. One was attributed to a deep tuberculous wound infection and 
renal insufficiency secondary to amyloid nephrosis. Two patients died of bilateral 
spreads following the second stage. 

Of the 193 patients whose tuberculosis was controlled by thoracoplasty, 163 
(64.1 per cent of all cases) are known to be well and working. Four patients 
(1.5 per cent) are classified as respiratory cripples since their respiratory reserves 
are too limited to permit them to engage in gainful occupation. A late follow- 
up was accomplished in all but 10 patients (3.9 per cent) who left the sanatorium 
against medical advice. All were inactive at the time of their departure. 

Among those patients whose tuberculosis was controlled by thoracoplasty and 
who were discharged from the sanatorium with inactive disease, 11 have died 
(4.3 per cent) from causes unrelated to tuberculosis or thoracoplasty. Following 
discharge from the sanatorium, 8 patients (3.1 per cent) had exacerbations of 
their tuberculosis. Three of the latter subsequently had repeated negative cul- 
tures of their bronchopulmonary secretions and were again classified as inactive. 
Thus, 5 patients (1.9 per cent) remain classified as “late reactivations,” having 
been initially inactive for two or more years following thoracoplasty. 

Revision thoracoplasties were performed on 2 patients. Neither of these re- 
visions resulted in conversion to negative of cultures of bronchopulmonary secre- 
tions. If a technically satisfactory thoracoplasty is performed initially, it is be- 
lieved that revision is seldom indicated. 

Deep wound infections occurred in 14 patients (5.5 per cent). Nine of the deep 
wound infections were tuberculous. Seven of these had had hydro- or pyo-pneu- 
mothoraces following therapeutic pneumothorax on the thoracoplasty side. Con- 
tamination of the wound may have resulted when old needle-tract infections 
were incised. These tuberculous wound infections occurred among patients oper- 
ated upon early in the series. 


ANALYSIS OF RESULTS ACCORDING TO TYPE OF DISEASE 


Group 1. Fibrocaseous tuberculosis (figure 2): This group consisted of those 
patients manifesting productive and exudative, or “mixed” lesions which had 
been present with little change for a number of months. Cavities of small or 
moderate size were usually present. There were 137 cases of this type of which 
104 (76.0 per cent) were discharged as inactive following thoracoplasty. In 29 
patients (21.2 per cent), the cultures of pulmonary secretions were not converted 
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to negative. Nine patients still have active pulmonary disease, and 7 (5.1 per 
cent) are inactive after pulmonary resection. There were 13 (9.5 per cent) late 
deaths due to tuberculosis. Thoracoplasty was not completed in one patient 
because of a spread of disease after the first stage. There were 3 operative deaths 
(2.2 per cent) in this group. Of the 104 patients (76.0 per cent) who were dis- 


TOTAL CASES | 
137 
i 


Operative Pulmonary Secretions 
Death Negative after Thoracoplasty 
3 — 2.2% 104 ~ 76.0% 


Respiratory 
Cripples 
84- 627% 2~+1.5% 


Fic. 2. Results of thoracoplasty for pulmonary tuberculosis in patients with predomi- 


nately fibrocaseous disease. 


a TOTAL CASES 
27 


Pulmonary Secretions Thoracoplasty 


tive after Inactive 
Rapection, 21-77.1% 


Fic. 3. Results of thoracoplasty for pulmonary tuberculosis in patients with predomi- 
nately fibroid type of disease. 


charged from the sanatorium with inactive disease, 84 (62.7 per cent) are well 
and working. Two are respiratory cripples. No late follow-up was obtained in 
7 cases (5.1 per cent). Among the patients discharged with inactive disease, 8 
(5.8 per cent) died of causes unrelated to tuberculosis. Three patients (2.2 per 
cent) had recurrence of disease two years or more after the completion of 
thoracoplasty. 

Group 2. Fibroid tuberculosis (figure 3): This group was characterized by long- 
standing, dense, pulmonary fibrosis with retraction, cavities with rigid walls, 
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bronchiectasis, and compensatory emphysema. There were 27 patients in this 
group of whom 23 (85.2 per cent) were discharged as inactive following thoraco- 
plasty. One patient (3.7 per cent) still has active pulmonary disease, and 2 
(7.4 per cent) are inactive after pulmonary resection. Thoracoplasty was not 
completed in one patient (3.7 per cent) because of a spread of disease after the 
second stage. Twenty-one patients (77.7 per cent) are well and working. No 
late follow-up was obtained in one case (3.7 per cent). One death, unrelated to 
tuberculosis, occurred following discharge. 

Group 3. Caseocavernous tuberculosis (figure 4): This group includes a relatively 
small number of patients having fairly extensive exudative tuberculosis with 
large cavities or cavities increasing in size. Of the total of 15 patients of this 
type, 11 (73.3 per cent) were discharged as inactive following thoracoplasty and 
are well and working. Two patients (3.3 per cent) still have active disease and 


Pulmonary Secre tions Thoracoplasty Pulmonary Secre tions 
Positive after Thoracoplesty Incomplete INegative after Thoracoplasty 
3 — 20.0% 1 — 6.7% 


Active Inactive 


2 —13.3% 11 ~735.5% 


Well 
and Worki 
— phage | 


Fic. 4. Results of thoracoplasty for pulmonary tuberculosis in patients with predomi- 
nately caseocavernous disease. 


one (6.7 per cent) died of progressive tuberculosis. Thoracoplasty was not com- 
pleted in one case (6.7 per cent) because of a spread after the second stage. 

Group 4. Tuberculosis associated with “tension” (large thin-walled) cavities (fig- 
ure 5): The principal lesion observed in this group was the so-called ‘‘tension 
cavity.” In all of the patients, the cavities were located in an upper lobe. There 
were 45 patients in this group of whom 34 (75.5 per cent) were discharged as 
inactive following thoracoplasty. 

Cavity drainages were performed on 16 of these patients. Open cavernostomies 
were performed after thoracoplasty on 7, and closed transpleural-type (Monaldi) 
drainages were performed prior to thoracoplasty on another 7. One patient had 
a Monaldi-type drainage before, and a cavernostomy after, thoracoplasty. One 
patient had a contralateral cavernostomy following thoracoplasty. The disease 
of 11 of the 16 patients on whom cavity drainage was performed became inactive. 

Five patients (11.1 per cent) still have active disease and there were 2 late 
deaths (4.4 per cent) due to progressive tuberculosis. Thoracoplasty was not 
completed in 4 cases (8.9 per cent) because of spreads after the first or second 
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stage in 3 and the development of acute glomerulonephritis in one. Thirty-one 
patients (69.0 per cent) are well and working. No follow-up was obtained in 
one case. One patient is a respiratory cripple, and late reactivation of disease 
occurred in another. 
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45 
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Fic. 5. Thoracoplasty for pulmonary tuberculosis associated with ‘‘tension” (large, 
thin-walled) cavities. 
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Fic. 6. Thoracoplasty for pulmonary tuberculosis associated with marked destruction 
of lung and bronchiectasis (‘‘destroyed lung’’). 


Group 5. Tuberculosis associated with marked destruction and bronchiectasis 
(“destroyed lung’’) (figure 6): This group consists of patients who had unilateral 
fibrotic and functionless (“destroyed”) lungs. There were 23 patients of this 
type of whom 15 (65.2 per cent) were discharged as inactive following thoraco- 
plasty. 

Prior to operation, chronic tuberculous endobronchial disease was found in 
15 patients (65.2 per cent), and in 11 the disease became inactive. 

At some time before thoracoplasty, 8 of these patients had received pneumo- 
thorax treatment on the involved side. Two patients (8.7 per cent) still have 
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active pulmonary disease ; one (4.3 per cent) has inactive disease after pulmonary 
resection; and there were 4 late deaths (17.4 per cent) due to tuberculosis. 
One operative death (4.3 per cent) was attributed to a deep tuberculous wound 
infection and amyloid nephrosis. Twelve patients (52.2 per cent) are well and 
working and one patient (4.3 per cent) is a respiratory cripple. One late death 
and one case of late recurrence of disease were unrelated to tuberculosis. 

Group 6. Unexpandable lung: There were 2 patients with unexpandable lung 
in the series. Both of these represented complications of pneumothorax treat- 
ment, and both had negative cultures of bronchial secretions prior to thoraco- 
plasty. One patient is well and working; the other died of heart failure two years 
after the operation. 

Group 7. Tuberculous empyema: Thoracoplasty was performed on 5 patients 
for the treatment of tuberculous empyema, which in each instance was a com- 
plication of pneumothorax therapy. Two patients had negative cultures of bron- 
chial secretions before operation. Extrapleural thoracoplasty was followed by 
Schede thoracoplasties in 4. Three patients in this group are now well and work- 
ing; one was discharged with inactive disease but could not be followed; and 
one died of progressive pulmonary tuberculosis. 

Tuberculous bronchitis: Tuberculous bronchitis has been considered separately 
in order to point out the results obtained by thoracoplasty performed during 
the acute stage of this complication as compared to results obtained when the 
operation was performed during the chronic stage of the disease. 

Thirteen patients with acute ulcerative tuberculous bronchitis were operated 
upon. In 2 the disease became inactive. Long after thoracoplasty, an additional 
5 became inactive after receiving streptomycin therapy. 

Nineteen patients had chronic tuberculous bronchitis with fibrous bronchial 
stenoses. In 12 of these patients, the disease became inactive following thoraco- 
plasty. One additional case became inactive following streptomycin therapy late 
in the post-thoracoplasty period. 

Relatively few patients in this series received streptomycin. During the year 
of 1947, streptomycin prepared for thoracoplasty 9 patients gravely ill with ex- 
tensive, exudative disease. The operation was started after six to eight weeks of 
streptomycin therapy, and the drug was continued throughout the thoracoplas- 
ties (4). These patients could not have been operated upon without streptomycin. 
Of these 9 patients, 8 are well and working and one still has active disease. In 
addition, streptomycin was administered late in the post-thoracoplasty period 
to 21 other patients in this series. The indications were: persistent tuberculous 
sinus, tuberculous bronchitis, and persistently positive pulmonary secretions 
long after thoracoplasty where resection did not appear feasible. Of these 21 
patients, cultures of pulmonary secretions in 14 became and have remained 
negative. 


DISCUSSION 


This study was made in an attempt to determine, if possible, which types or 
groups of cases should be considered for primary pulmonary resection rather 
than for thoracoplasty. It is believed that the results of thoracoplasty in all 
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groups were satisfactory and that primary pulmonary resection should not be 
considered for any of the groups as a whole. 

Poorest results were obtained in the patients classified as having a “destroyed 
lung.’’ Most of these patients, however, were extremely poor surgical risks and 
it is doubted that primary pulmonary resection could have produced as good 
results in these patients as were obtained by thoracoplasty. 

It is agreed that there are definite indications for primary pulmonary resec- 
tion in pulmonary tuberculosis. No patient in this series presented these indica- 
tions (lower lobe disease, “tuberculoma,” et cetera). 

Even though our patients were classified according to the same clinico-patho- 
logic groups as the patients reported by Rubin and Klopstock, the results differ 
from theirs, particularly in certain groups. For example these investigators re- 
ported that they obtained the poorest results with thoracoplasty in patients 
having long-standing fibroid tuberculosis. The results in the present series were 
best in this group. There are inevitable discrepancies between reports of results 
of thoracoplasty (or any other procedure used for the treatment of pulmonary 
tuberculosis) from different centers because of individual variations in the inter- 
pretation of roentgenograms, variations in surgical techniques, and differences 
in racial and economic groups. 


SUMMARY 


This report presents the results of thoracoplasty for pulmonary tuberculosis 
in 254 patients followed for two to ten years. The patients were classified accord- 
ing to the clinico-pathologic type of disease present before thoracoplasty in an 
attempt to determine whether certain types of disease might be more suitable 
for primary pulmonary resection than for thoracoplasty. 

The results in all groups were satisfactory and it is believed that primary 
pulmonary resection should not be considered for any of the groups as a whole. 


SUMARIO 


Resultados Tardtos de la Toracoplastia Conforme a la 
Forma de la Tuberculosis Pulmonar 


Preséntanse los resultados de la toracoplastia por tuberculosis pulmonar en 
254 enfermos mantenidos en observacién durante dos a diez afios. Tratando de 
determinar si ciertas formas de la enfermedad serian més adecuadas para la 
reseccién pulmonar primaria que para la toracoplastia, los casos fueron clasifi- 
cados conforme a la forma clinicopatolégica de enfermedad que hab{a presente. 
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TUBERCULOMA OF THE BRAIN':? 
Surgical Removal in the Presence of Widespread Tuberculosis 
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INTRODUCTION 


Tubereulomas of the brain are rarely encountered, and successful surgical 
removal is accomplished even more rarely. Opinions on the ultimate fate of pa- 
tients with these lesions have varied from extreme pessimism to guarded opti- 
mism. Tuberculous meningitis has always been the most feared complication of 
surgery for tuberculoma. The presence of active tuberculosis elsewhere in the 
body may alter the prognosis and must be evaluated when craniotomy is con- 
sidered. The introduction of streptomycin and other chemotherapeutic agents 
has improved the outlook for the patient. The successful removal of tuberculoma 
of the brain in the presence of widespread active tuberculosis elsewhere in the 
body seemed to us to be of sufficient interest to justify this report. 


REVIEW OF THE LITERATURE 


In 1890, Starr (1) noted that tuberculomas made up 50.8 per cent of all brain 
tumors in individuals below the age of 19 years. In 1893 he reported that 13.6 
) per cent of brain tumors in individuals over the age of 19 were tuberculomas (2). 
Subsequent reports have listed the incidence of tuberculoma over the wide 
range of 12.6 to 0.002 per cent of all brain tumors (3, 4, 5, 6, 7). These differences 
may be explained in part by the diminishing incidence of tuberculosis and by the 
fact that some series of cases are reported by neurosurgeons, while others are 
based on autopsy data. It is fairly well agreed today that tuberculomas consti- 
tute from 1 to3 per cent of all brain tumors (4, 8, 9, 10, 11, 12). 
Tuberculomas of the brain are always secondary to a focus elsewhere in the 
body, most commonly arising by hematogenous spread. They may occur at any 
age. Some series have noted their predominance in children (4, 8, 9, 11, 13) 
while other observers have found them more common in adults (10, 12, 14). 
All are agreed that they occur more frequently in males and Negroes. Although 
there are divergent reports (5, 10, 12, 16), tuberculomas are more likely to be 
single than multiple (7, 8, 9, 13, 14, 15). 

There is considerable difference of opinion as to predominant location. Some 
have reported them most frequently in the cerebellum (1, 4, 8, 13, 14) while 
others have found them chiefly in the cerebrum (7, 9, 12). Lewison, Freilich, 
and Ragens (10) noted that they occur with equal frequency in these sites. 


' From the Veterans Administration Hospital, Bronx, New York. 

* Reviewed in the Veterans Administration and published with the approval of the Chief 
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Posterior fossa lesions are more likely to come to clinical attention and will 
therefore predominate in the groups of cases observed by the neurosurgeon. 
Next in frequency after the cerebrum and cerebellum are the pons and the basal 
ganglia. Tuberculomas of the meninges also occur. 

Morphologically, cerebral tuberculomas are similar to productive lesions of 
tuberculosis elsewhere. They vary in size from 0.20 by 0.20 cm. to 4 by 8 cm. 
On microscopic examination, three layers are described. There is a central zone 


TABLE 1 
Reported Cases of Surgical Removal of Intracranial Tuberculoma 


AUTHOR AND REFERENCE | NUMBER OF CASES RESULT 


Van Wagenen (4) 30 (cerebral) 25 died within one year 
12 (subtentorial ) 11 died within one year 
15 | All died 
Garland and Armitage (5) 2 | Both died of mengingitis 
Cushing (8) 24 | 22 died within one year 
| 2 survivals (1 and 15 years) 

Lewison, Freilich, and 1 (cerebellar—case of | 11-year survival 

Ragens (10) Kwan) 
Buchstein and Adson (17) 2 (meningeal ) 1 died after 9 years (meningitis) 

1 alive after 9 months 
21 (cortical ) 14 alive for periods up to 9 years 
1 died after operation 

6 died within 11 to 24 months 
Dott and Levin (41) f 51 deaths (11 postoperative 
deaths; 20 deaths due to 
meningitis; 12, tuberculosis 
elsewhere; 8, miscellaneous 
causes ) 
Vincent and Daum (42) 2 (cerebellar) 1 death (meningitis) 
1 alive after 5 years 
28 (cerebellar—cases  of| 20 died in hospital 

Aubin) 3 died outside hospital 
4 alive (14, 2, 4, and 9 years) 
Alajouanine and Thurel 1 (cerebral ) Died after 3 years (tuberculous 

(43) meningitis ) 
Smith and Daniel (44) 6 4 survivals 
| 2 died of meningitis 


of necrosis which is surrounded by a zone composed of giant cells, lymphocytes, 
plasma cells, polymorphonuclear leukocytes, and increased glial tissue. In this 
latter area tubercle bacilli may occasionally be demonstrated. This area is in 
turn surrounded by brain tissue showing degenerated nerve cells and nerve 
fibers. The small blood vessels are thrombosed and show lymphocytic cuffing. 
Fat-laden macrophages and hypertrophied astrocytes may be found in large 
numbers. Daughter tubercles often surround the main mass. 

The clinical picture of tuberculoma of the brain is quite varied. The majority 
of patients are asymptomatic. Meningeal tuberculoma (tuberculoma en plaque) 
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may have its onset with Jacksonian seizures; the clinical course is often pro- 
tracted, and death may occur from meningitis. Intra-encephalic tuberculomas, 
after becoming clinically manifest, usually progress rapidly, with death from 
meningitis or the effects of increased intracranial pressure. The exact sympte- 
matology is dependent on the location of the lesion. Buchstein and Adson (17) 
have given an excellent discussion of the clinical course, and there are a number 
of case reports in the literature (4, 8, 11, 18-38). Approximately three-fourths 
of the cases terminate with tuberculous meningitis. In a small percentage, cal- 
cification and healing occur (39, 40). 

The reported cases of surgically resected intracranial tuberculomas are out- 
lined in table 1. In general, the surgical approach to tuberculoma has been viewed 
with pessimism. This is probably due largely to the influence of Cushing (8), 
whose poor results led him to advise decompression as the only surgical pro- 
cedure. In contrast, Dott and Levin (41) believe that total removal of the lesion, 
when feasible, is the operation of choice. The poorest results have been reported 
in eases of cerebellar tuberculoma. Buchstein and Adson have pointed out that, 
because of the depth to which the interfolial septa of pial tissue penetrate the 
cerebellum, virtually every tuberculoma will be in contact with these septa at 
one or more points. Cerebellar tuberculomas are therefore difficult to remove 
completely and these authors recommend decompression for lesions in this 
location. 


CASE REPORTS 


Case 1. This 26-year-old Negro male was perfectly well until early in January 1948, when 
he first noted drenching night sweats. Two weeks later, he experienced a convulsive seizure 
during which he turned about uncontrollably, fell to the ground, and was unconscious for 
five minutes. He was not incontinent of urine or stool during the seizure. He was described 
as having turned his head to the right and moved his right arm. Upon awakening, he was 
dazed, complained of severe headache, and was completely amnesic for the incident. 
Night sweats and frequent chilly sensations persisted. On the supposition that he might 
be suffering from malaria, atabrine was administered by his physician but had no effect. 
Approximately a dozen similar seizures occurred up to March 9, 1948, when he was 
admitted to another hospital where he had several Jacksonian seizures involving the 
right side of the face, neck, and right arm. His temperature ranged between 99° and 103.2°F. 
Penicillin was administered without effect on the fever. On March 18, 1948 he was trans- 
ferred to this hospital with a diagnosis of probable brain abscess. No additional facts of 
significance were elicited in his past history and review of systems. 

Physical examination on admission: His temperature was 103°F.; pulse, 120 per minute; 
and respirations, 20 per minute. He appeared acutely and chronically ill. There was yellow- 
ish discoloration of the face and palms, thought to be due to previous intake of atabrine. 
The cervical, axillary, and inguinal lymph nodes were moderately enlarged and were soft, 
nontender, and freely movable. The lungs were clear to percussion and auscultation. A soft 
systolic murmur was audible over the cardiac apex. The tip of the spleen was palpable. The 
remainder of the general physical examination as well as complete examination of the ner- 
vous system showed no abnormalities. 

Laboratory data: The concentration of hemoglobin in the blood was 8 gm. per 100 cc., 
and the erythrocyte count was 2.1 million per cu. mm. The leukocyte count was 5,200 per 
cu. mm., of which 66 per cent were polymorphonuclear leukocytes, 26 per cent lymphocytes, 
7 per cent monocytes, and | per cent basophils. Urinalysis revealed one plus albumin and, 
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on nleroseopic eXamination, numerous leukoevtes anderythroevtes. Blood test Wasserman 
Was negative. Examination of the blood for sickling of erythroeyvtes was negative. Total 
plasma proteins were 7.6 gm. per 100 ce. (albumin, 2 gm.; globulin, 5.0 gm leterus index 
was 3.2 Cephalin flocculation test was negative. Lumbar puneture vielded clear, colorless 
fluid under normal pressure. Cerebrospinal fluid protein was 26 mg. per LOO ee There were 
ne cells and the colloid il gold curve Was normal 

Several blood cultures were sterile. Numerous cultures of urine, including cultures for 
tubercle bacilli, were negative. Multiple examinations of specimens of sputum and gastrie 
contents were negative on smear and culture for acid-fast bacilli, On June 9, 1948 the cere 


brospinal fluid protein content was 1OL mg. per 100 ce., and on August IS, 1948S colloidal 


Arrow indientes destructive lesion of fourth lumbar vetrebra 


gold curve of the fluid showed moderate first-zone elevation. Aside from these finding 
studies of the cerebrospinal fluid, including cultures for pyogenic organisms, tung 


acid-fast bacilli, revealed no abnormalit The Fret test was negative 


An admission roentgenogram of the chest was normal is Were stercoscopr of the 
skull. Intravenous p ram Was within normal limits 
Course in the he dmusston studies did mot yield diagnosis The poe 


tient course ze ig temperature up to 105 Fo witha proportion 


ately rapid pulse f rhe felt remarkably well. The fever did not abate 
after acdmunistr do penicillin. Under observation, be had several 


right-sided eons on ich vy s preceeded by turning of the head and eves to the 


right. During the seiur \ lasted no more than two munutes, the peatient click met 


appear to be at comple vit almost immediately after the fit, contaet could te 


There Ans ne \ \ paresis of 
On April 6. 14s. ] ’ sere removed from the right axillary and right cervieal 


regions. Microscopic m oof sections of 1 nodes revealed the pathologie preture 


: 
Coe) 
ane 
t 


658 BERNSTEIN, KRUEGER, AND NAYER 


of tuberculosis. Acid-fast bacilli were present in the sections, Streptomycin therapy was 


begun and | gm. was given daily for six weeks. No appreciable change was noted in the 


elinieal course. On May 14, HS a retrograde pyelogram revealed irregularity in the region 
of the lower calvees of the right kidney The chest roentgenogram at this time was within 
normal limits. He was then given Promin intravenously, 4 gm. daily for a total of three 
courses, each of two weeks’ duration with a week of rest without treatment At this time 


cm.u 


bia ise | | posed left iL cortex. Markers port to ares overlving the 


tuberculoma: (b) tuberculoma atter remoy il 


he also received sever il bleed transfusions, Following this, his temperature fell to levels 
ranging hetween OF and 101 F. 

In July 148. approximately four months after admission, the roentgenogram of the 
chest revealed an area of transluceney in the anterior segment of the third rib on the right. 
In August ISS the patient complained of an aching in the left thigh, and it was noted that 
he walked with « limp. Roentgenograms re vealed multiple areas of hone disease involving 


the ribs. lumbar vertebrae (figure ind left saeroiliae joint The roent genographie ip- 
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pearance of all of these lesions was compatible with tuberculosis The orthopedic consult- 
ant advised conservative therapy. Another six-week course of streptomycin and three 
courses of Promin were given with no signifieant change in the clinical or roentgenologic 
findings, 

In early October 1048, seizures became more frequent and, following each episode, the 
patient manifested paresis of the right arm and leg. right lower facial weakness, and mild 
motor aphasia. On several occasions, he developed a genet tlized convulsion following the 
initial focal movement. On October 19, 1048 he went into status epilepticus and developed 
aright hemiparesis and partial motor aphasia. By the following day he was having as many 
as thirty seizures a day. Intravenous barbiturates in large doses were required to stop the 
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»] Photomiuc rograph of seetion of tube reuloma central zone of enseous 


necrosis: (b) area of cellular infiltration; (¢) compressed brain tissue 


seizures. Pheumoence phalogr im performed on November 4, 148 was within normal limits 
All the elinieal evidence pointed to a well-localized lesion in the left cerebral cortex, most 
probably a tubereuloma. 

On November 10, 1048 4 left frontal Frazier type of crantotomy was performed ] \posure 
of the cortex revealed a whitish pale area measuring Tem. in diameter in the mesial frontal 
gVrus, approximated lem. anterior to the motor cortex (figure 2a). On palpation, i hard 
lesion, approximately 2.em. in diameter, was felt at a point 2em. below the cortex \ cor- 
tieal block excision was made, and the mass together with a small area of adjacent white 
matter and adherent cortex were ¢ isily enucleated (figure 2h Before le iving the operating 
room, the patient was able to move his right arm and leg well, and there was no evidence of 
facinl weakness or speech disturbance. The diagnosis made by the pathologist Dr. Abner 
Wolt s tuberculoma (figure 3). Forty-eight hours postoperatively the patient deve loped 


slight weakness of the ight ind a moderately severe motor iph sin. These symptoms 
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disappeared complet ly within three weeks, and examination of the nervous system at that 


time showed mo moter 
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ind resorbed spont ipeously. One examination of a concentrate d spect 


developed figure Oa 
fast bacilli. Sinee August TS he had been 


men of sputum Was report 


under observation by the board of health, and his pulmonary disease had remamed appar- 


ently stable 
I’) cal eramination: The patient was markedly lethargie. Pulse and 
mm. of mereur Percussion 


respirations were 
normal: blood pressure was svstolie and diastelie im 


note over the right chest was impaired ind the breath sounds were slightly diminished. The 


remainder of the routine physical examination Was negative 
iexamination of the nervous system reve tled an ataxte gait with veering to the lett the 
without a 


patient being un ible to walk without support There was slight nuchal rigidity 


Fig. 5 + t) Roentgenogram of the chest prior to idmission showing right pleural 


effusion: (b) Roentgenogram of the chest on admission 


positive Wernig sign Olfactory sensation was questionably impaired on the right. The left 
pupil was larger than the right, but both reacted well to light ind attempts at near vision 
the left associated 


There were three diopters af poapalle dema on the right and two diopters on 


with bilateral retin il hemorrhages The left nasal re flex was dimin shed and the lett eorne il 
Auditor 


reflex absent Phere was right facial we ikness of the periphe ral ty 


was greater on the right than on the left as tested by both air and bone eonduection. All deep 

es were markedly depressed without weakness or Rapid 
vents were preformed slowly, Point-to-pomt tests were ta well per- 
ss were intact. There was a Gordon sigs if All sensory 
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and the rostral part of the aqueduct of Svivius. The fourth 


ventricles, the third ventricle, 
ventricle was not outlined and the iter was pushed forward (figure 6a 
t the level of the right third and fourth interspaces anteriorly 


A chest film revealed 


peribronchial thickening a 
and pleural thi kening at the right base (figure 5b). aa 


Fic. 6 Case ») Ventrieulogram showing marked dilatation of the ventricular system 


Note obstruction of aqueduet; (b Tuberculoma after removal, 


Ca the he The evidence pointed ton? ipidly Progressive, Spec 


lesion in osterpor foss promi i tuberculoma. Om the dav following erani- 
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all abnormal neurologic tindings subsided 


condition. Improvement was progressive and 


within one month. 
In July 1949, routine films ef the lumbar spine revealed lytic involvement of the fourth 
and fifth vertebrae (figure S 


There were no symptoms attributable to this finding, and he 


Fig. 7 Case 2. Photomicrograph of section of tuberculoma: (: Central zone of caseous 
compressed brain tissue 


necrosis: (b) area of cellular infiltration: Ce 


Destructive lesion of fourth lumbar vertebra 


Roentgenograms of the chest remained unchanged hevamina- 
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begun at the same time. His general condition has remained good, although the outcome 


remains in doubt 
DISCUSSION 


It seems that a less pessimistic attitude should be adopted in the approach to 
clinieally manifest tuberculoma of the brain. Even before the newer therapeutic 
agents became available, the situation was not hopeless. The administration of 
streptomycin constitutes a measure of protection against the dreaded complica- 
tion of tuberculous meningitis. Possibilities for the development of bacterial 
drug-fastness with prolonged use of streptomycin are ell known. Because of the 
difficulty, with which streptomycin penetrates encapsulated tuberculous 
in the central nervous system, the bacilli in these areas may remain drug sensi- 
tive even after prolonged use of streptomycin has rendered resistant the organ- 
isms elsewhere in the body. Tests of sensitivity to streptomyem should be per- 
formed whenever possible, as it may be of considerable value to determine the 
in vitro sensitivity of organisms isolated from the patient. 

The most effective technique of utilizing streptomycin in connection with 
surgical removal of intracranial tuberculoma has not been clearly delineated. 
It is the opinion of some investigators that the drug should be withheld until the 
actual development of complications. The first patient reported above had re- 
ceived two six-week courses of streptomycin for extracerebral tuberculosis prior 
to surgery The possibility existed that the strain of tubercle bacilli in this put 
tient might still be drug sensitive. To safeguard this possibility, it was decided 
te withold the drug until a time when it might more clearly be needed. Other 
observers have believed that streptomycin should be administered for a period 
before and after operation in-an attempt to prevent the development ol com 


plications. | nder these conditions, it would seem reasonable to give the drug 


both parenterally and intratheeally 

The second patient was eritieally ill on admission and required immediate 
surgery fora “tumor” of the brain. At operation, the diagnosis of tuberculoma 
became apparent and streptomvein therapy was started immediately This prt 
tient had not received the drug prey iously and thus the tubercle bacilli could be 
assumed to be sensitive to streptomycin 

In both pritients=, i Wits believed that the presence of widespread tuberculosis 
Was not a contraindication to surgerv. Hf the intracranial lesions had not been 
removed, both patients would almost certainly have died. As it is, these patients 
are alive eight and thirteen months after operation. Furthermore, with newer 
developments in the treatment of tuberculosis, the prognosis inh pres iously 
less disease has been improved, Although the prognosis im both of the 
fients re ported remains guarded, the ultimate outlook is still uneertain and the 


possibility of arrest of the disease remains. 


SUMMARY 


Two eases of intracranial tuberculoma, im which the tuberculomas were 
resected despite the presence ol widely disseminated lesions of tuberculosis 


throughout the bodw, are described 
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The improved prognosis in tuberculosis, including tuberculous meningitis, 
which stems from use of the newer therapeutic agents, will probably be refle ted 
in improvement of the results following removal of intracranial tuberculoma. 

A brief review of the literature on intracranial tuberculoma is presented. 


SUMARIO 
La Extirpacién Cruenta en Presencia de Tuberculosis Generalizada 


Describense 2 casos en los que estaba indicada la cirugia de urgencia a pesar 
de haber tuberculosis muy diseminada. Ambos enfermos estan vivos todavia, 
a los ocho y trece meses, respectivamente, de la operacién. 

Con el advenimiento de los recientes agentes quimioterapéuticos para la tu- 
berculosis se ha iniciado una nueva era en el tratamiento de los tuberculomas 


cerebrales. 
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SEYMOUR M. FARBER, ef al: Cytologic Diagnosis of Lung Cancer. Pp. 2-55 with 10 
plates in color, Charles C Thomas, Springfield, Illinois, 1950, $6.00. 


This book has been prepared in answer to the great demand for guidance in the 
application of the cytologic method to the diagnosis of lung cancer. The tremen- 
dous interest in this diagnostic procedure which has developed since its revival 
in recent years has resulted in numerous publications of articles dealing primari- 
ly with statistical evaluation of the technique, but to date little morphological 
description has appeared for the many beginners in cytology. The authors are 
therefore satisfying, at least in part, the urgent call for authoritative assistance 
in the preparation of smears, staining, and the recognition of differences between 
malignant and nonmalignant cells from the respiratory tract. 

The chapter on technique describes the methods used to collect sputum, bron- 
chial aspirates, and pleural fluid. Detailed instructions are also given in the 
treatment of these specimens throughout the several steps involved in fixing, 
staining, and mounting the smears. The authors use essentially the same tech- 
nique as that devised by Papanicolaou. 

Following a brief discussion of the histologic features of the respiratory tract 
and the pathologic characteristics of bronchogenic carcinoma, an analysis is 
made of the technical advantages of the wet smear over the tissue section for 
the study of cell detail. These include fewer artifacts in the smears (which in 
sections are due to fixation shrinkage), less cellular deformity from pressure of 
adjacent cells, and the fact that in smears the cells are seen in toto. 

The greatest value of the book will be found in its sections pertaining to the 
identification of nonmalignant as well as malignant cells. The criteria used in 
determining malignancy are described in detail. The authors correctly emphasize 
that the separation of the several cytologic criteria for malignancy is artificial 
since the abnormal features as listed seldom occur singly but are much more 
frequently found in combination with others. When several abnormal charac- 
teristics are found in a single cell or among cells in a group, a positive diagnosis 
is more easily made. 

Basing their results on 1,254 cases which had been followed over long periods 
of time, the authors found malignant cells either in the sputum or bronchial 
aspirates in 110 (55 per cent) of 197 patients who were proved by tissue section 
to have carcinoma of the lung. This represents the sensitivity of the technique 
in their hands. Both sputum specimens and aspirates were obtained from the 
same patient in 56 cancer cases, and 36 (64 per cent) were correctly diagnosed 
as positive. Comparing single sputum specimens with single bronchial aspirates, 
the percentage of accuracy was approximately the same, namely, 39 per cent 
and 37 per cent, respectively. 

The value of obtaining increased numbers of specimens from a patient is 
stressed. Whereas 59 per cent of the cases were detected by examination of three 
667 
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sputum specimens from each, the accuracy rose to 87 per cent when five speci- 
mens were obtained. Reporting only two false positives (one due to metaplasia 
and the other to atypical histiocytes), the authors show a reliability of positive 
reports which is nearly 100 per cent. 

In comparison with bronchoscopic examination, the percentage of positive 
diagnoses was somewhat better with the cytologic method (55 per cent as against 
50 per cent), but the greatest accuracy (92 per cent) resulted when the two 
methods were combined. 

It is emphasized that all diagnostic methods should be utilized to full advan- 
tage, but in the absence of confirmatory evidence by endoscopic examination and 
biopsy, roentgenogram, and so on, it is believed that the cytologic criteria are 
today sufficiently reliable to justify operation on the basis of positive cytologic 
evidence alone, when the reports are made by an adequately trained person. 

A wide assortment of photomicrographs in color are included in ten plates and 
are helpful, but photographs of cells are never successful in substituting for 
actual visualization through the microscope. 


Joun F. SeYBour 


EELCO HUIZINGA AND G. J. SMELT: Bronchography. Pp. 263 with 150 illustrations, 
Van Gorcum & Company, Assen-Netherlands, 1949, Cloth. 


This treatise on bronchography is an excellent basic work which has apparently 
been carefully written after a thrdugh review of the literature and a careful re- 


' search in anatomy. The authors believe that, with the awakening of interest in 
the subjects of anatomy, physiology, and pathology of the lungs, there is a def- 
inite need for a survey of the subject of bronchography. 

This book is a direct outcome of a similar work published in 1927 by Doctor 


Rap and Doctor Smelt, and was rewritten, modernized and printed in English. 
The authors, in their associations, seemingly have a wealth of clinical material 
and considerable experience in this field. 

The book contains seven chapters, and the text is well supplemented with 

' illustrations and diagrams. The illustrations, for the most part, are excellent, 

but like so many European works are printed in the negative rather than in the 
positive print. This detracts somewhat from the value of the illustrations. 

Chapter I deals with the anatomy of the bronchial tree and of the most com- 

monly encountered variations. Chapter II deals with the physiologic variations 

of the bronchial tree during respiration. A separate chapter was deemed neces- 

sary by the authors because these facts have not yet been widely disseminated. 

In Chapter III, general considerations of bronchoscopy are included. The 

importance of knowledge of the anatomy of the bronchial tree is stressed when 

attempting to obtain a satisfactory segmental filling of the entire bronchial tree. 

The importance of correlation of bronchographic and bronchoscopic findings in 

establishing an accurate preoperative diagnosis in lesions of the lung is stressed. 

Chapters IV and V describe the anatomy of the lungs as visualized on the 

bronchogram, and the interpretation of the bronchogram. To students of bron- 
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chography these chapters have much to offer. The pathologic bronchogram is 
considered in Chapter VI. Discussion is grouped into three categories: (/) dila- 
tation and the formation of cavities in lungs; (2) stenosis and obstruction; (8) 
displacements. The illustrations and discussions in this chapter are certainly 
worth while in establishing clearer thinking for the average student of bronchog- 
raphy. 

In Chapter VII the authors describe their technique of segmental filling of the 
entire bronchial tree by nasal drip. Again, the importance of the knowledge of 
anatomy of the bronchial tree is stressed. The authors make no claim that their 
technique for filling the bronchial tree is superior to other accepted methods, 
but merely state that their method has been extremely satisfactory. The impor- 
tance of correct positioning during filling of the various segments is stressed. 

This book seems to fill a definite need for a basic treatise on the subject of 
bronchography. Its historical approach, as well as its anatomic and physiologic 
approach, leaves little to be desired in a book which serves well as a basic text 
for the student of bronchography. 


Rosert W. Byrne 
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Annual Meeting May 15-18, 1951 
Cincinnati, Ohio 
The annual meeting of the National Tuberculosis Association will be held in Cincinnati, 
ea) Ohio, May 15-18, 1951. The Netherland Plaza Hotel will be headquarters. 
sp Some 1500 rooms have been promised by the hotels listed below for the accommodation of 


those attending the meeting. Arrange to share a double room if possible. 
Application for room reservations should be made directly with the hotel of your choice. 


Hotel Address Single Double 
NETHERLAND Piaza Carew Tower $4.00-$10.00 $9.00-$13.00 
Sueraton-Gisson 421 Walnut Street $4.00-$12.00 $7.50-$12.00 
Terrace Praza 15 West Sixth Street $7.00-$12.00 $10,00-$15.00 

Smvtox 4th at Vine Street $4.00-$10.00 $8.00-$1..2y 
Fountarms Square 420 Vine Street $4.00-$5.50  $8.00-$8.50 
Patace Horer 6th at Vine Street $2.50-$4.00 $5.00-$7.00 

Merrorote Hore. 609 Walnut Street $3.00-$6.0  $6.50-$10.00 
Broapway Horet 4th and Broadway $3.50 $5.50-$6.50 

Atms Hore. Victory Pkwy. & McMillan $7.50-$15.00 


See February issue of NTA BuLtettn for preliminary program. 


| A non-profit sanatorium for the treatment of 
= . Tuberculosis and other diseases of the chest. 
Medical Director Visiting Medical Stof: 
Buford H. MD. Francisco oes San Francisce 
C. G. Scarborough, M.D. Gourley, M.D., Oakland Hareld Gayon Trimble, Ockland 
i 
| 


» PAS Treatment 


of Tuberculosis... 


Did you know, doctor, that PARASAL SODIUM 
TABLETS, 0.69 Gm., afford 38% more therapeutic 
activity than half-gram sodium PAS tablets? 


~ ~~ Ordinary 0.5 Gm. sodium PAS tablets are actually . 
equivalent to only 0.36 Gm. free PAS. “PARASAL 
0.69’s,” however, afford the therapeutic efficacy of 
a full 0.5 Gm. of the free acid. 


When you prescribe PARASAL SODIUM 
TABLETS, 0.65 Gm., you are prescribing fewer 
tablets per dose for the patient, less work for ycur 
staff, and unsurpassed purity of ingredients. 


Samples and literature on request. Please specify 
product No. 725. 


*RECOMMENDED DOSAGE: Minimizes gastro-intestinal disturbances 
_ 6 tablets 4 times daily, or 20-36 @ Fewer tablets per dose 

tablets per day divided in 5-7 

equal doses, from 7 A.M. to © More 

10 P.M. (with food). © 38% greater therapeutic activity 


/ *Ref.: 1. V. A. 9th Streptomycin Conference, April 1950 
2. Carstensen, B.: PAS in Tuberculosis, Amer. Rev. Fuberc. 1950, 61 : 613" 


CORP. i @ 340 CANAL STREET, NEW YORK 13, N. Y. 


CUSTOM MANUFACTURERS OF FINE MEDICINAL CHEMICALS 
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